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‘This  report  is  one  of  a series  describing  the  research  program 
undertaken  by  the  Aerospace  Medical  Research  Laboratory  to 
develop  procedures  for  predicting  community  noise  exposure  re- 
sulting from  aircraft  operations.  This  report  outlines  the  ac- 
oustic measurement  test  conditions,  the  acoustic  data  reduction 
and  interpretation  procedures,  and  the  type  of  aircraft  perfor- 
mance information  needed  to  obtain  a noise  data  file  for  pre- 
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dieting  the  noise  produced  by  aircraft  operations.  The  j 

procedures  result  in  the  descriptions  of  the  noise  of  an 
aircraft  in  terms  of  the  effective  perceived  noise  level, 
the  sound  exposure  level  and  several  other  noise  measures. 
Level  flight  measurements  and  static  engine  noise  tests  are 
described,  which  are  applicable  to  conventional  fixed  wing 
aircraft  and  helicopters. 

i 

The  noise  data  are  to  be  acquired  under  controlled  conditions! 
with  accuracy  requirements  generally  similar  to  that  required* 
for  civil  aircraft  noise  certification.  Primary  interest  is  * 
in  predicting  aircraft  noise  levels  at  distances  greater  j 
than  150  feet  from  the  aircraft.  The  test  procedures  do  not  1 
assume  or  require  elaborate  ground  or  aircraft  test  instru- 
mentation. However,  where  convenient,  the  test  procedures 
may  be  modified  to  take  advantage  of  these  refinements. 
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PREFACE 


Vne  authors  gratefully  .10 knowledge  the  many  helpful  technical 
<i is juasxons  and  critical  reviews  of  measurement  procedures 
by  the  contract  monitor,  Jerry  D.  Speakrr.an,  and  by  John  II. 
^ie  of  the  Bio-dynamics  and  Bionics  Division,  Aerospace 
Meuleal  Research  Laboratory,  Wright-Patterson  Air  Force  Base, 
veto.  The  revised' procedures  presented  in  this  report  have 
benefited  from  the  analyses  and  comparisons  of  noise  data 
acquired  and  processed  by  the  Air  Force  following  initially- 
proposed  test  procedures. 


lo Is  report  is  one  of  a series  describing  the  contractual 
anu  in-house  research  program  undertaken  by  the  Aerospace 
Leu  leal  Research  Laboratory  under  Project /Task  72  3104 
"Measurement  of  Jolse  and  Vibration  Environments  of  Air 
For?'*  Operations” , to  develop  procedures  for  Predicting 
community  n,ise  exposure  rerultir.  from  aircraft  operations. 
The  companion  reports  are-  listed  as  references-  5,  6,  7,  8, 
ar.  1 j . The  Air  Force  Weapons  Laboratory  provided  funding 
to  partially  support  this  development  program. 
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DEFINITIONS  OF  SYMBOLS  AND  TERMINOLOGY 

Symbols  appearing  throughout  the  test  plan  are  consistent 
with  those  described  in  Section  A36.4  of  Part  36,  Federal  Avia- 
tion Regulations.  A number  of  additional  symbols  have  been 
used  to  assist  in  the  analysis.  To  differentiate  amorg  quan- 
tities, events,  locations,  or  averages,  various  subscripts 
and  primes  have  been  used.  In  the  following  definitions  these 
modifiers  to  symbols  have  been  suppressed  when  the  meaning 
would  be  obvious. 

The  structure  for  subscripts  is  as  follows: 

1.  Ar.  Arabic  numeral  Identifies  an  event  In  time  or 
a linear  dimension  associated  with  that  event. 

2.  A subscript  BfM  indicates  a noise  measurement  ob- 
tained In  the  field  without  adjustment  to  refer- 
ence conditions. 

3.  A subscript  "J”  indicates  a running  Index  asso- 
ciated with  measurements  on  specific  flights, 
where  "J"  Indicates  the  flight  number. 

4.  The  subscript  "1”  is  a running  Index  associated 
with  any  one  band  in  the  set  of  one-third  octave 
frequency  bands. 

5.  A variable  with  a superscript  apostrophe  (read  as 
■'prime'’)  identifies  a value  of  the  variable  Inter- 
mediate in  the  process  of  determining  the  final 
value  adjusted  to  reference  conditions. 

6.  A subscript  "ref"  Indicates  the  value  of  a vari- 
able at  its  reference  condition;  subscripts  ”c", 

”o",  and  "r"  also  indicate  reference  conditions. 
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nme 

At  time  increment  between  noise  measurements  of  the  same  fly- 
over at  two  different  locations. 

Geometry 

K point  on  ground  directly  below  flight  path  where  a noise 
measurement  is  performed. 

Q point  on  flight  profile  at  time  of  PNLM. 

L point  on  ground  to  one  side  of  flight  track. 

X point  on  flight  profile  at  time  of  PNLM, 

d perpendicular  distarce  from  point  L to  flight  track. 

h height  of  aircraft  above  ground. 

x arbitrary  distance 

S slant  distance  from  L to  flight  profile  — "distance  of 

closest  approach". 

0 directivity  angle  for  PNLM. 

<p  polar  angle  about  aircraft,  on  the  ground,  measured  from  the 
forward  direction  of  the  aircraft. 

y climb  angle  of  aircraft. 

Speeds 

v aircraft  speed  in  feet  per  second. 

V aircraft  speed  in  knots, 

c speed  of  sound  in  air. 

Acoustical 

AL  A-weighted  sound  level,  in  dBA,  as  snee ' r ’ od  in  TEC 

Publication  No.  173. 

ALM  Maximum  A-level  occurring  during  a noise  event. 
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Acoustical  (Continued) 


Tone-corrected  A-weighted  sound  level  in  dBf  defined 
as : 

ALT  » AL  + C 

(or  ALT  = AL  + PNLT  - PNL) 

Maximum  tone-corrected  A— level  occurring  during  a 
noise  event. 

Tone  correction,  in  dB,  calculated  in  accordance 
with  ISO  recommendation  R507,  June  1970  or  later 
revision . 


D 


dB 

D-level 


EPNL 


p 


k 


PNL 

PNLC 


PNLM 


Duration  correction,  In  dB,  defined  as: 

D =*  EPNL  - PNLTM 

Decibel . 

D-welghted  sound  level.  In  dBD,  as  specified  In  SAE 
ARP  1000.  (For  many  flyover  signals.,  the  following 
approximation  holds:  PNLM  = D-level  +7). 

Effective  perceived  noise  level,  in  EPNdB,  calculated 
in  accordance  with  FAR  Part  36. 

Frequency  In  hertz. 

A running  integer  identifying  the  noise  levels  deter- 
mined at  the  k-th  Interval  of  time  from  an  arbitrary 
reference  time  zero  of  the  flyover  signal. 

Perceived  noise  level  In  PNdB. 

Composite  perceived  noise  level,  computed  from  the 
maximum  levels  reached  in  each  one-third  octave  fre- 
quency bands  during  a flyover. 

Maximum  perceived  noise  level  as  defined  in  FAR  Part 

"3  £ 
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Acoustical  (Continued) 


PNLT 


PN.LTM 

PWL 


3 EL 


Tone-corrected  perceived  noise  level,  where 
PNLT  « PNL  + C 

Maximum  PNLT  occurring  during  a noise  event. 

Sound  power  level  in  dB  re  10"12  watts. 

Sound  exposure  level,  in  dB,  as  defined  In  "Draft 
Report  on  Impact  Characterization  of  Noise  Including 
Implications  ot  Identifying  and  Achieving  Levels 
of  Cumulative  Noise  Exposure",  prepared  by  Task 
Group  3 , H.E.  Van  Gierke,  Chairman,  for  the  En- 
vironmental Protection  Agency  Aircraft/Airport  Noise 
Report  Study,  June  1973.  The  sound  exposure  level 
is  the  level  of  the  time-integrated  mean  square  A- 
welghted  sound  pressure  for  an  event,  with  a ref- 
erence time  of  one  second: 


I 

I 


SEL 


10  log 


For  purposes  of  aircraft  noise  evaluation,  SEL  Is 
computed  from  A-levels  sampled  at  discrete  Intervals 
of  0.5  seconds  or  less.  Thus  the  working  expression 
for  SEL  becomes: 


Ct'T. 


d 

At 


10 


lop; 


AL  ( k ) 
10 


10 


.0  logAI 


k = 0 


where  d Is  the  time  interval  during  which  AL(lc)  Is 
within  10  dB  of  the  maximum  A-level,  and  At  Is  the 
time  Interval  between  noise  level  samples. 
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Acoustical  (Continued) 


SEL 


SELT 


(Continued ) 

Note  that  the  SEL  ■'s  identical  to  the  single  event 
noise  exposure  levei  (SENEL),  In  dB,  as  defined  In 
"Noise  Standards,  Title  4,  Subchapter  6,  California 
Administration  Code",  1970,  except  that  the  SENEL 
Is  defined  In  terms  of  integration  (summation)  from 
a threshold  noise  level  approximately  30  dB  below 
the  maximum  level,  while,  in  this  report,  SEL  is 
defined  in  terms  of  integration  over  noise  levels 
within  10  dB  of  the  maximum  value.  However,  Integra 
tion  over  only  the  upper  10  dB  yields  acceptable 
values  that  typically  differ  by  0.3  dB  or  less  from 
values  based  on  in  tegration  over  30  dB. 

Tone-corrected  sound  exposure  level,  in  dB,  defined 
for  a noise  event  as: 


SELT  - 10  log 


For  purposes  of  aircraft  noise  evaluation,  SELT  is 
computed  from  tone-corrected  A-levels  sampled  at  dis- 
crete time  intervals  of  0.5  seconds  or  less,  as 
follows : 

d 

k - At  ALT(k) 

x1  10 

SELT  = 10  log  >10  +10  log  At 

k “ 0 


ALT 

1015  dt 
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Acoustical  (Continued) 


SELT  (continued) 

where  d Is  the  time  Interval  during  which  ALT  (k)  Is 
within  10  dB  of  ALTM,  and  At  Is  the  time  Interval 
between  noise  level  samples. 

SPL  Sound  pressure  level  In  dB. 

a Sound  attenuation  coefficient  In  air. 

5 Excess  sound  attenuation  near  the  ground. 

A Adjustment  factors  to  reduce  test  conditions  to 

reference  conditions. 

Engine  Performance 

F Net  thrust  in  pounds. 

s Standard  deviation  using  unbiased  degrees  of  freedom. 

ta/2(n-l)  t statistic  used  in  determining  confidence  intervals, 
n Number  of  events  or  samples. 
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1. 


INTROL’JCTION 


The  measurement  and  analysis  procedures  described  in  this 
test  plan  are  designed  to  obtain  the  information  necessary  to 
describe  the  noise  produced  on  the  ground  by  an  aircraft  in  the 
vicinity  of  an  airport.  The  noise  exposure  forecast  (NEF)  pro- 
cedure methodology  requires  a description  of  the  noise  of  an 
aircraft  in  terms  of  EPNL  as  a function  of  slant  distance  to 
the  aircraft  for  different  engine  power  settings,  and  a descrip- 
tion of  the  takeoff  and  landing  profiles  used  by  the  aircraft 
under  different  operational  conditions.  In  a similar  manner, 
computation  of  the  day/night  average  level  (DNAL)  requires  air- 
craft noise  descriptions  in  terms  of  the  SEL  noise  measure. 

The  test  procedures  are  specified  to  obtain  this  information 
for  both  air-to-ground  sound  propagation  and  for  ground-to- 
ground  sound  propagation. 

This  plan  outlines  the  test  conditions,  acoustic  data  reduc- 
tion and  interpretation  procedures,  and  also  describes  the  type 
of  aircraft  performance  information  needed.  Aircraft  performance 
information  is  assumed  to  be  available,  or  derivable,  from  air- 
craft performance  data  given  in  flight  manuals  or  obtainable  from 
the  airframe  manufacturer. 

Two  basic  types  of  noise  measurement  tests  are  described: 

1.  Flyover  noise  tests,  for  acnuirlng  noise  informa- 
tion for  aircraft  in  flight  (takeoff,  landing, 
etc  . ) . 

2.  Static  engine  runup  tests  to  provide  information 
on  noise  levels  during  ground  maintenance  opera- 
tions . 

* As  defined  in  Public  Health  and  Welfare  Criteria  for  Noise,  EPA  report 
550/9-73-002  dated  27  July  1973- 
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A third  basic  type  of  noise  measurement,  runway  sideline 
measurements  during  aircraft  takeoffs  or  landings,  may  also 
be  required  to  fully  describe  the  noise  of  aircraft  operations. 
However,  the  interpretive  procedures  for  handling  sideline 
noise  data  to  produce  reliable  noise  procedures  are  still  under 
investigation.  Hence,  sideline  test  procedures  have  been  omitted 
from  this  report. 

Flyover  noise  test  data  will  be  needed  for  all  aircraft  of 
concern.  Engine  runup  tests  may  be  omitted  for  some  aircraft, 
depending  upon  the  aircraft  noise  characteristics  and  modes 
of  operation.  Table  I lists  the  suggested  priority  of  testing 
for  Air  Force  a'rcraft. 

The  tests  are  detailed  to  apply  to  conventional  fixed-wing 
aircraft  and  to  helicopters.  Modification  in  test  procedures 
and  measurement  locations  may  be  needed  for  measurement  of  some 
types  of  V/STOL  or  non-conventlonal  aircraft. 

The  noic°  tests  are  to  be  conducted  only  under  a restricted 
range  of  weather  conditions,  and  normalized  to  standard  day 
condition  (59°  F,  70%  relative  humidity).  Sufficient  noise  and 
aircraft  performance  data  are  to  be  obtained  to  permit  estimation 
of  noise  and  performance  characteristics  under  varied  weather 
conditions  and  airbase  altitudes. 

The  noise  data  are  to  be  acquired  under  controlled  condition 
with  accuracy  requirements  generally  similar  to  that  required  for 
civil  noise  certification.  However  overall  accuracy  requirements 
do  not  necessarily  coincide  with  that  required  under  FAR  36,  and 
somewhat  lessened  accuracy  in  terms  of  repeatability  in  data  is 
acceptable.  This  relaxation  results  from  the  intended  use  of 
the  information,  that  of  estimating  noise  levels  for  ranges  of 
operations  where  precise  weather  conditions  and  operational  pro- 
cedures and  configurations  are  not  known. 
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XHCLC,  X 

SUGuESTED  PRIORITY  FOR  AIR  FORCE  NOISE  MEASUREMENTS 


AIRCRAFT  FLIGHT  TESTS 


Jet  Aircraft: 


F4 

F1CC,  F101,  F102 

Fill 

T38 

T33 

T37 , A37 
KC135A 
F105D,  F106 
B52C,  F,  G 

cm 

C5A 

F104 

B57 

A7D 

B52H 


NOTES 


Priority  listing  for  the  aircraft  was  determined  by  the  number 
of  each  type  (or  similar  type)  in  Air  Force  service  in  July  1971, 
and  consideration  of  noise  characteristics. 


Aircraft  with  the  same  or  similar  engines  and  performance  have 
been  grouped  together,  and  in  most  cases,  any  aircraft  in 
the  same  group  may  be  measured  as  convenient.  The  several 
exceptions  are  underlined.  Thus,  the  F105D  is  preferred 
because  it  is  the  only  model  with  water  injection,  and  the 
C123K  is  preferred  because  it  has  auxiliary  jet  engines. 

Expected  service  life,  projected  hunges  In  Inventory,  and 
noise  characteristics  may  influence  the  aircraft  measurement 
priority.  For  example,  the  T-33  may  have  ro lured  significance 
due  to  its  relatively  low  noise  output,  and  perhaps  the  C5A 
should  be  assigned  a higher  priority  because  of  its  expected 
future  service  life. 


Propeller  Aircraft: 

C123,  C123K,  C119.  C121 
C130 

C97,  C124 
r 7 r gii 

C131,  C118,  T29 
0V10 


Helicopter--. 

H-l 

H-^3 

H-34 

H-3 

H-53 


Noise  data  are  to  be  acquired  on  magnetic  tape  with  sub- 
sequent analysis  in  terms  of  one-third  octave  bard  noise  spectra. 
Effective  perceived  noise  levels  (EPNL)  and  tone-correc4- ed  per- 
ceived noise  levels  (PNLT)  are  to  be  calculated  from  the  one- 
third  octave  band  data  as  appropriate.  Other  noise  measures 
also  may  be  calculated,  i.'wise  measures  of  particular  interest 
include  the  perceived  noise  level  (PNL),  A-Ievel  and  the  sound 
exposure  level  (SEL). 

The  primary  interest  is  in  predicting  noise  levels  at  dis- 
tances greater  than  about  150  feet  from  the  aircraft.  Generally, 
the  noise  measurements  will  be  in  the  "far  field"  of  the  source. 
Thus,  the  measurements  will  not  supply  the  information  needed 
for  predicting  hearing  damage  hazards  for  personnel  near  the 
aircraft . 

These  procedures  do  not  assume  nor  require  elaborate  or 
special  ground  and  aircraft  test  instrumentation.  Thus  the 
tests  do  not  assume  the  availability  of  special  flight  test  instru- 
mentation in  the  aircraft,  continuous  ground  tracking  facilities 
(tracking  camera  or  radar)  or  availability  of  continuous  time 
signals.  Where  convenient,  the  test  procedures  may  be  modified 
to  take  advantage  of  these  refinements,  thus  adding  to  test  ac- 
curacy and  possibly  allowing  some  simplification  in  test  planning. 

The  several  appendices  to  this  test  plan  discuss  the  back- 
ground for  certain  measurement  and  calculation  approaches  adopted 
in  the  test  plan  or  provide  derivations  for  some-  of  the  calcula- 
tion steps.  Appendix  A,  for  example,  discusses  the  rationale  for- 
reliance  'n  level  flyover  tests  for  obtaining  noise  informal!  ui 
for  takeoff  and  landing  operations.  Several  of  the  appendices 
discuss  recommendations  given  in  this  test  plan,  which  are  based 
upon  analysis  of  noise  data  acquired  in  accord  with  initial 
draft...  of  this  test  plan. 
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2.  ACOUSTIC  MEASUREMENT  EQUIPMENT 


Measurement  equipment  should  meet  the  application  require- 
ments of  FAR  Part  36,  Section  A36.2  (b)  and  (c).  Acoustic  data 
processing  equipment  should  meet  the  requirements  of  FAR  36, 
Section  A36.2(d),  with  the  exception  of  changes  in  sampling 
intervals  and  integration  times  noted  in  Section  6 of  this  test 
' ! an. 
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3.  METEOROLOGICAL  CONDITIONS  AND  MEASUREMENTS 


Teste  should  be  conducted  under  meteorological  conditions 
meeting  the  requirements  of  PAR  Part  36,  Section  A36.I  (b)  (3) 
as  follows: 

a.  No  rain  or  other  precipitation. 

b.  Relative  humidity  not  higher  than  90 % or  lower 
than  30!?. 

c.  Ambient  temperatures  not  above  86°  F and  not 
below  4l°  F at  10  meters  above  ground. 

d.  Airport  reported  winds  not  above  10  knots  and 
crosswind  component  not  above  5 knots  at  10  meters 
above  ground. 

e.  No  temperature  inversions  or  anomalous  wind  condi- 
tions that  would  significantly  affect  the  noise 
level  of  the  aircraft  at  the  noise  measurement 
positions . 

Generally,  we  anticipate  that  the  tests  would  be  conducted 
in  the  vicinity  of  a permanent  meteorological  facility  that 
would  provide  hourly  sequence  data  representative  of  conditions 
near  the  geographical  area  in  which  the  noise  measurements  are 
made.  The  minimum  hourly  sequence  data  to  be  reported  include 
the  temperature,  relative  humidity,  barometric  pressure,  wind 
direction  and  magnitude.  In  addition,  the  wind  magnitude,  temper- 
ature and  relative  humidity  should  be  measured  near  the  microphone 
at  each  measurement,  position  at  hourly  Intervals,  or  more  fre- 
quently during  the  test  periods. 

The  minimum  check  for  determining  possible  inversions  or 
anomalous  wind  conditions  should  consist  of  inspection  of  avail- 
able radiosonde  data  and  comparison  of  surface  temperatures  with 
an  outside  air  temperature  measurement  acquired  by  the  flight 
test  airplane. 


; »»i  ■‘h'.t 


4.  GENERAL  TEST  CONDITIONS 

The  general  test  conditions  are  similar  to  that  specified 
In  PAR  Part  36,  Section  A36.1  (b)  (2).  Measurements  should  be 
conducted  over  a relatively  flat  terrain  having  no  excessive 
sound  absorption  characteristics  such  as  might  be  caused  by 
thick,  matted  or  tail  grass,  shrubs,  or  wooded  areas. 

a.  For  flight  test,  no  obstructions  that  would 
significantly  Influence  the  sound  field  should 
exist  within  a conical  space  above  the  measure- 
ment position,  the  cone  being  defined  by  an  axis 
normal  to  the  ground  and  by  a half  angle  of  75° 
from  this  axis. 

b.  For  ground  tests,  no  obstructions  that  would 
significantly  Influence  the  sound  field  should 
exist  between  the  microphone  and  the  aircraft 
within  a horizontal  angle  extending  60°  to  either 
side  of  a horizontal  line  between  the  microphone 
and  the  aircraft  or  to  either  side  of  a horizontal 
line  perpendicular  to  the  aircraft  ground  track 
and  the  microphone. 

The  ground  surfaces  should  be  similar  within  a 15  foot 
radius  about  each  measurement  station.  Hard  surface  is  preferred. 


i 

i 
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5.  CONVENTIONAL  AIRCRAFT  FLIGHT  TESTS 

Aircraft  flight  tests  are  planned  so  that  all  needed  noise 
information  for  predicting  noise  levels  for  all  normal  flight 
operations  can  be  obtained  from  a set  of  controlled  level  flight 
flyovers.  Supplemental  noise  level  measurements  during  actual 
approach  and  takeoff  operations  may  be  added  but  are  not  felt 
to  be  essential  for  conventional  aircraft.  Appendix  A discusses 
the  rationale  for  relying  on  level  flight  flyovers. 

The  noise  data  are  to  be  acquired  during  level  aircraft 
flights  for  a range  of  engine  thrust  conditions.  The  flights 
are  to  be  conducted  at  either  400  feet  AGL  (above  ground  level) 
for  low  power  runs  or  1000  feet  AGL  for  high  engine  power  runs. 
Two  runs  are  to  be  made  at  ^ach  test  condition.  The  runs  may  be 
in  alternate  (180°)  directions  if  air  traffic  conditions  permit; 
or,  the  two  runs  may  be  made  in  the  same  direction,  if  more  con- 
venient from  air  traffic  control  considerations. 

Aircraft  altitudes  (up  to  a maximum  height  of  1000  feet  AGL) 
and  airspeeds  should  be  selected  so  that  the  duration  of  the 
flyover  signal*  is  in  excess  of  five  seconds.  Figure  C-l  of 
Appendix  C provides  estimates  of  signal  duration  as  a function 
of  the  ratio  of  flight  height  AGL  to  flight  speed,  as  based  on 
recent  flight  test  measurements.  Should  It  not  be  feasible  to 
obtain  flyover  signal  durations  of  five  seconds  or  more,  data 
processing  sampling  Intervals  and  integration  times  must  be 
shortened  (see  5.2). 

The  aircraft  should  fly  directly  over  two  ground  microphone 
positions  located  underneath  the  flight  path,  approximately  1000 
feet  apart.  Ln  addition  to  the  two  ml  mor -hone  positions  directly 

*Purat ion  is  defined  as  the  time.  In  seconds,  that  the  flyover 
noise  signal  is  within  10  db  of  PNLTM  or  ALTM. 
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underneath  the  flight  path,  one  microphone  should  be  placed  on 
each  side  of  the  centerline  at  a distance  of  500  feet.»  The 
aircraft  Is  to  maintain  a constant  heading  and  constant  altitude 
over  the  two  microphone  positions,  and  for  distances  of  1.5  n 
miles  both  preceding  and  following  passage  over  the  microphone 
locations . 


The  tests  should  be  conducted  at  a constant  engine  thrust 
(power),  altitude  and  airspeed.  Under  some  conditions  it  may 
not  be  possible  to  hold  these,  conditions  for  level_ flight  along 
the  entire  flight  track.  In  such  cases  thrust  and  altitude 
should  be  maintained,  and  airspeed  varied  as  necessary.  The 
flights  should  be  conducted  at  airspeeds  approximating  those 
encountered  for  the  appropriate  takeoff,  landing,  or  climb  opera- 
tion. The  aircraft  may  use  drag-producing  elements  (i.e.,  land- 
ing gear,  flap,  spoilers,  etc.)  as  needed  to  help  maintain  a 
constant  speed. 

Selection  of  thrust  conditions  should  b<>  governed  by  con- 
sideration of  the  engine  thrust  and  aircraft  operations  likely 
to  be  employed  within  15  to  20  miles  of  an  nir  base.  Test  con- 
ditions should  cover  the  range  of  engine  thrust  conditions  typi- 
cally employed,  with  overlap,  if  necessary,  to  permit  extrapola- 
tion to  cover  hot  day  conditions,  or  takeoffs  and  landings  at 
5000  feet  pressure  altitudes.  As  a minimum,  test  engine  thrust 
conditions  should  include  four  conditions: 

a.  Takeoff  at  full  thrust. 

b.  Takeoff  at  thrust  equivalent  to  that  of  100n  F day. 

c.  Landing  thrust  at  near  minimum  (structural)  weight. 

* Appendix  B discusses  the  reasons  for  omitt’ng  noise  measure- 
ments at  large  slant  distances. 


d*  Landing  at  maximum  landing  weight. 


For  in  out  aircraft 
should  be  included. 


teats  at  representative  climb  power  thrust 

0 


5*1  Aircraft  Information 

It  wil.L  be  assumed  that  only  the  standard  aircraft  cockpit 
instrumentation  is  available  during  the  field  tests.  Basic  air- 
craft information,  exclusive  of  engine  information,  needed  for 
each  run  will  include: 

indicated  airspeed 
pressure  altitude 
outside  air  temperature 

flap,  spoiler  and  landing  gear  configuration 
operating  gross  weight 


ihe  engine  information  to  be  observed  and  reported  may  vary 
uitn  type  of  engine  and  available  instrumentation.  Prior  to 
each  test,  a review  of  available  flight  manuals  and  engineering 
da, .a  should  be  undertaken  to  determine  the  procedures  for  utiliz- 
ing and  correcting  cockpit  instrumentation  to  estimate  the  net 
thrust  (in  case  of  a turbojet  aircraft)  with  appropriate  engine 


or  shaft  RFM  information.  For  a straight  turbojet  engine,  the 
needed  information  will  typically  include:  engine  RPM,  engine 
exhaust  pressure  ratio,  engine  exhaust  gas  temperature,  and 
engine  fuel  flow.  For  fan  engines,  fan  speed  should  be  noted. 


Continuous  recording  of  aircraft  information  during  the 


level  flights,  while  desirable,  is  not  essential, 
ing  procedures  should  be  worked  out  with  the  flight 
the  needed  information  can"be  noted  by  the  pilot  ur 
after  stabilization  prior  to  beginning  the  run,  and 
following  the  run. 


Test  report- 
crew  so  that 
observer 
immediately 


BEST  AVAiLA! 
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5 . 2 Radio  Communications 

Two-way  radio  communication  is  needed  between  the  aircraft 
and  the  two  microphone  stations  under  the  flight  track.  Radio 
receivers  only  are  required  at  each  of  the  two  microphone  sta- 
tions to  the  side  of  the  flight  track. 


5 • 3 Tim™  Synchronization 

The  aircraft  position  must  be  related  to  the  noise  recorded 
at  the  ground  measurement  locations  by  means  of  time  synchroniza- 
tion signals.  Synchronization  signals  will  be  used  primarily 
to  determine  the  time  as  the  aircraft  passes  overhead  (or  nearest) 
the  ground  measurement  position  and  to  establish  the  angles  of 
maximum  sound  radiation  from  the  aircraft. 

Satisfactory  time  synchronization  can  be  established  by  use 
of  voice  synchronization  signals  transmitted  from  one  "master" 
ground  station  to  the  aircraft  and  to  other  stations  prior  to 
oacn  run.  The  procedure  might  follow  this  sequence: 

a.  The  aircraft  would  notify  the  ground  stations 
r ever'l  miles  before  reaching  the  start  of  the 
test  run. 


t.  The  master  ground  station  transmits  a "standby" 
signal  to  aircraft  and  other  stations;  tape  re- 
corders are  activated  on  this  signal  and  personnel 
&--o  also  alerted  for  start  of  stopvratches . 

c.  The  master  ground  station  gives  a "mark"  voice 

signal  which  is  recorded  on  tape  at  all  stations, 
stopwatches  also  are  activated  on  this  signal. 

This  signal  also  serves  to  alert  the  aircraft  for 

observation  of  aircraft  data. 


- 22- 


BEST  AVAILABLE  COPY 


T 


d.  Just  prior  to  the  aircraft  overhead’  the  ground 
station  transmits  "standby  to  mark."  Then,  when 
the  aircraft  is  overhead,  "mark"  is  transmitted. 

(These  voice  signals  are  not  recorded  on  tape.) 

The  aircraft  conditions  are  to  be  noted  by  flight 

crew  at  this  point  and  each  ground  station  stops  I 

its  watch  on  the  "mark"  signal.  j 

...  I 

n^y  the  first  "mark"  voice  signal  is  recorded  on  tape.  ' j 

Time  intervals  determined  from  the  stopwatches  are  used  to  de-  j 

termine  the  time  at  which  the  aircraft  is  overhead.  ! 

1 

j 


5 . A Height  Determination 

The  height  of  the  aircraft  above  the  ground  as  it  passes 
over  each  of  the  stations  under  the  flight  path  is  to  be  estab- 
lished by  photographic  scaling  of  aircraft  from  photographs 
^aken  at  the  two  stations  as  the  aircraft  passe*'  closest  to  the 
stations „ 


5 • 5 Repeat  of  Flights 

Aircraft  flights  should  be  repeated  if  there  is  a suspicion 
faulty  recording  of  data,  lack  of  time  synchronization  at 
stations,  or  noticeable  deviation  of  aircraft  flight  track, 
altitude  or  intended  operating  conditions. 


5 . 6 Noise  Data  Tabulation  — 

The  following  data  are  to  be  obtained  and  tabulated  for  each 
station  and  run: 

a.  E?NLf , PNLTMf,  PNLMf,  SELf  and  SELTf . 

b.  One-third  octave  band  noise  spectrum  at  the  time  of  PNLM, 
G?L(G)_. 

1 X 
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The  following  quantities  calculated  from  SPL(0)lf: 
PNLT ( 0 ) f and  ALT(9)f.  Note  that  ALT(0)f  = AL(6)f  + 
C(0)f  and  C(0)f  = PNLT(6)f  - PNLMf). 

Time  interval  between  the  time  at  which  the  aircraft 
was  overhead  (or  time  of  nearest  approach)  and  time 
at  which  PNLM  was  observed. 

Distance  to  aircraft  at  time  of  closest  approach. 

Surface  temperature  and  relative  humidity. 


6.  NOISE  DATA  PROCESSING 


Noise  data  processing  should  utilize  equipment  which  meets 
the  requirements  of  FAR  36,  Section  A36.2(d),  with  the  modifica- 
tions discussed  in  this  section.  Data  processing  procedures 
nay  utilize  either  analog  or  digital  techniques. 


6.1  Missing  Spectrum  Level  Information 


The  processing  of  recorded  noise  data  often  results  in  one- 
third  octave  band  spectra  with  one  or  more  "missing"  band  levels. 
This  occurs  most  frequently  at  the  higher  frequencies.  The  miss- 
ing noise  information  can  result  in  errors  in  calculating  values 
of  PNL,  PNLT,  A-levels,  EPNL,  etc. 


T;ased  on  the  Investigation  summarized  in  Appendix  C,  we 
recommend  that  noise  spectra  be  handled  in  the  following  manner 

a.  Do  not  calculate  or  report  PNL,  PNLT,  A-levels  or 
other  measures  for  spectra  where  less  than  10  one- 
third  octave  frequency  band  levels  are  measured. 

b.  Where  more  than  10  band  levels  were  measured, 
supply  missing  band  levels  as  follows: 

(1)  For  missing  high  frequency  band  levels,  gen- 
erate values  by  extrapolating  the  slope  of 
the  two  proceeding  (lower)  bands,  provided 
the  change  in  slope  is  6 dR  per  third  octave 
frequency  band  or  greater.  If  the  slope  is 
less  than  6 dB,  assume  a decrease  of  6 dR 
per  one-third  octave  frequency  band. 

(?)  For  missing  middle  frequency  bands,  generate 
missing  band  levels  by  linear  interpolation 
between  the  nearest  adjacent  band  levels. 
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(3)  For  missing  low  frequency  band  levels,  assume 
levels  that  are  equal  to  the  nearest  measured 
band  level. 

c.  On  time  history  plots  or  noise  level  tabulations, 
identify,  by  some  easily  recognizable  symbol,  the 
cases  where  spectra  having  less  than  20  band  levels 
were  measured. 

6 . 2 Flyover  Sampling  Intervals  and  Integration  Times 

For  flyover  noise  signals  having  durations  of  the  order  of 
10  seconds  or  greater,  a sampling  interval  of  0.5  second,  and  a 
signal  integration  time  of  0.5  second,  is  generally  entirely 
adequate  for  measuring  the  noise  signal  with  little  distortion. 
However,  for  shorter  duration  flyovers,  particularly  th03e  having 
durations  of  less  than  5 seconds,  errors  and  distortions  may  be 
introduced  by  the  relatively  long  0.5  second  sampling  interval 
and  integration  time.  A long  sampling  interval  introduces  in- 
creased probability  for  error  in  sampling  the  noise  signal  at 
the  time  of  maximum  level.  This  error  may,  in  turn,  introduce 
errors  in  measured  spectrum  levels  and  the  selection  of  the  angle 
of  maximum  radiation.  The  long  integration  time  results  in  an 
underestimate  of  maximum  noise  levels,  but  introduces  relatively 
little  error  in  time-integrated  measures  such  as  EPNL  and  SEL. 

Appendix  C discusses  these  errors  in  more  detail  and  presents 
examples  of  such  errors  based  on  analysis  of  several  flyover  noise 
signals . 

To  reduce  the  magnitude  of  errors  in  measuring  maximum  noise 
levels,  the  following  sampling  intervals  and  signal  integration 
times  should  be  used  in  processing  flyover  noise  data. 


-26  - 


t 


Duration, 
in  seconds 

d > 5 

5 > d > 2 

d < 2 


Sampling  Interval 
and  Integration  Time, 
In  seconds 

0.5 

0.25 

0.125 


The  duration  curves  given  in  Figure  C-l  may  be  used  an  a 
guide  in  estimating  durations  and  in  selecting  sampling  intervals 
and  duration  times  in  data  processing. 
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7.  CONVENTIONAL  AIRCRAFT  GROUND  RUN-UP  NOISE  MEASUREMENTS 

Noise  measurements  to  define  PNLT  values  for  static  engine 
operations  should  be  obtained  at  the  enpine  thrust  settlors 
typically  employed  in  enpine  checkout  and  maintenance  opera- 
tions and  should  include  operations  at  nominal  takeoff  thrust. 
Noise  should  be  measured  at  positions  alonr  a circular  arc 
about  the  aircraft  with  the  arc  havinp  a radius,  of  either  ISO 
feet  or  250  feet.  Choice  of  the  radius  is  dependent  upon  the 
physical  size  of  the  aircraft,  distance  between  enpines  in 
multi-enpl  tie  aircraft  and  the  noise  output  of  the  aircraft. 

In  most  cases  the  aircraft  may  be  assumed  to  be  symmetric 
about  its  longitudinal  axis;  hence  measurement. s usually  need 
be  taker:  only  on  otic  side  of  the  aircraft  alone  a semi-circular 
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thrust  (in  case  of  a turbojet  engine)  or  shaft  horse  power  (in 
case  of  turboprop  aircraft)  with  appropriate  engine  or  shaft 
RPM  information.  For  a straight  turbojet  engine,  the  needed 
information  will  typically  include:  ambient  air  temperature, 
engine  RPM,  engine  exhaust  pressure  ratio,  engine  exhaust  gas 
temperature,  and  engine  fuel  flow.  For  fan  engine,  fan  speed 
should  be  noted. 


7 *2  Noise  Data  Tabulation 

The  following  data  ar_*  to  be  obtained  and  tabulated  for  each 
position  for  each  run:* 


a.  PNLTf  , PNLf,  ALf,  ALTf 


b.  One-third  octave-band  noise  spectrum. 


c.  Surface  temperature  and  relative  humidity. 
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8.  HELICOPTER  FLYOVER  MEASUREMENTS 

Helicopter  noise  tests  are  planned  so  that  all  needed  noise 
Information  for  predicting  noise  levels  for  normal  flight  opera- 
tions can  be  obtained  from  a set  of  controlled  level  flyovers 
(discussed  in  this  section)  and  from  sets  of  ground  and  hover 
measurements  (see  Section  9).  Supplemental  noise  level  meas- 
urements during  actual  approach  and  takeoff  operations  may  be 
added  to  the  test  program  but  are  not  felt  to  be  essential. 

Level  flight  noise  data  are  to  be  acquired  over  a range  of 
engine  power  conditions.  Flights  are  to  be  conducted  at  two 
altitudes  — 200  feet  AGL  and  400  feet  AGL  or  400  feet  and  800 
feet  AGL.  Two  runs  are  to  be  made  at  each  test  condition,  with 
runs  to  be  in  alternate  (180  degrees)  direction. 

Helicopter  altitudes  and  flight  speeds  should  be  selected 
so  that  the  duration  of  the  flyover  signal  is  in  excess  of  five 
seconds.  Figure  C-l  of  Appendix  C provides  estimates  of  signal 
durations  for  fixed  wing  aircraft  which  may  be  helpful  in  initial 
flight  planning. 

The  helicopter  should  fly  directly  over  two  ground  microphone 
positions,  located  approximately  1000  feet  apart.  In  addition  to 
the  two  microphone  positions  directly  underneath  the  flight  path, 
microphones  should  be  placed  on  either  side  of  the  centerline  at 
a distance  of  300  feet.  The  helicopter  is  to  maintain  a constant 
heading  and  constant  altitude  over  the  two  microphone  positions 
and  for  distances  of  1.0  n miles  both  preceeding  and  following 
passage  over  the  microphones . 

The  tests  should  be  conducted  at  constant  engine  power,  alti- 
tude and  air  speed.  The  flight  should  be  conducted  at  airspeeds 
approximating  those  encountered  at  appropriate  takeoff,  landing 
and  cruise  operations.  Selection  of  flight  conditions  should  be 
governed  by  consideration  of  the  helicopter  operations  likely  to 
be  employed  within  15  to  20  miles  of  the  air  base. 
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Teat  conditions  should  cover  the  range  of  flight  conditions 
typically  encountered,  with  overlap,  if  necessary,  to  permit 
extrapolation  to  cover  hot  day  conditions,  or  takeoffs  and  land- 
ings at  5000  feet  pressure  altitude.  For  most  helicopters,  tests 
at  representative  cruise  speed  and  power  should  be  included. 


8.1  Aircraft  Information 

Section  5.1  is  applicable,  with  the  addition  of  rotor  RPM 
information. 

8 . 2 Radio  Communications 
See  Section  5.2, 

6.3  Time  Synchronization 
See  Section  5.3. 

8.4  Height  Determination 
See  Section  5,4. 

8.5  Repeat  of  Flights 
Set  Section  5.5, 


8 . 6  Noise  Data  Tabulation 
See  Section  5.6. 
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9.  HELICOPTER  HOVER  AND  GROUND  MEASUREMENTS 

Noise  measurements  to  define  AL,  PNL  or  other  noise 
measure  values  for  ground  operations  should  be  obtained  at 
engine  power  settings  typically  employed  at  engine  check-up 
and  maintenance  operations,  and  ground  idle  conditions.  Hover 
measurements  include  measurements  with  the  helicopter  hovering 
in-aid-out  of  ground  effect. 

For  the  hover  and  ground  measurements,  the  noise  should  be 
measured  along  a circular  arc  having  a radius  of  either  150 
feet  or  250  feet.  Choice  of  the  radius  is  dependent  upon  the 
physical  size  and  the  noise  output  of  the  helicopter. 

In  most  cases,  the  helicopter  noise  characteristics  will 
not  be  symmetric  about  its  longitudal  axis;  hence  measurements 
should  be  taken  along  an  entire  360°  arc  around  the  aircraft. 
Preferably,  noise  should  be  recorded  on  magnetic  tape  continuously, 
as  the  microphone  i3  slowly  moved  around  the  helicopter  (with 
suitable  time  synchronization  provided  to  permit  correlation  of 
angular  positions  with  the  noise  data).  Angular  positions  for 
one-third  octave  band  spectrum  analysis  can  be  selected  by 
inspecting  graphic  level  traces  of  the  recorded  noise  signals 
passed  through  an  A-  or  D-weighting  network.  One-third  octave 
band  spectrum  should  be  measured  at  angles  not  more  than  30° 
apart . 


Alternatively,  noise  may  be  measured  at  fixed  angles  from 
0°  to  360°  at  angular  intervals  not  more  than  15°  apart.  At 
each  position  noise  levels  should  be  recorded  for  a period  c ’ at 
least  5 seconds. 

Engine  and  aircraft  conditions  should  be  stabilized  prior 
to  the  noise  measurements.  Engine  measurements  should  be  main- 
tained throughout  the  period  of  noise  measurements,  an  significant 
fluctuations  noted. 


-32- 


For  hover  measurements,  in  ground  effect,  the  aircraft  should 
be  at  a stabilized  condition,  at  a height  between  0 to  5 feet 
above  ground.  For  hover,  out  of  ground  effect,  the  hover  alti- 
tude should  be  approximately  equal  to  one  rotor  diameter. 


9.1  Aircraft  Information 

Section  7.1  is  applicable  with  the  addition  of  rotor  RPM 
data. 


9.2  Noise  Data  Tabulation 
See  Section  7.2. 
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10.  COMPUTATION  UP  EPNL  VERSUS  DISTANCE  CURVES  PROM  LEVEL 
FLYOVER  NOISE  MEASUREMENTS 

It  Is  assumed  that  EPNL  Is  the  sum  of  PNLTM  + D,  and  that, 
for  a given  aircraft  co  dition,  the  EPNL  varies  with  distance 
due  to: 

a.  Changes  In  PNLT  due  to  Inverse  square  changes  In  SPL's 
and  changes  In  SPL's  due  to  air  absorption. 

b.  Changes  In  D which  are  directly  proportional  to  air 
speed  and  Inversely  proportional  to  distance. 

It  Is  further  assumed  that  PNLTM  Is  generated  by  the  aircraft 
at  a maximum  directivity  angle,  0.  Therefore,  If  the  EPNL  Is 
known  at  a given  distance,  air  speed,  engine  power  setting  and 
maximum  directivity  angle,  it  can  be  computed  at  any  other  dis- 
tance . 

To  reduce  the  possibility  of  significantly  underestimating 
noise  levels  at  large  distances,  the  maximum  directivity  angle, 

0,  and  corresponding  noise  spectra  Is  chosen  on  the  basis  of 
PNLM,  rather  than  PNLTM.  Appendix  E discusses.  In  some  detail, 
the  reasons  for  this  choice,  and  provides  some  examples  of  errors 
Incurred  by  use  of  PNLTM  rather  than  PNLM  as  the  criteria  for 
choosing  0. 

Appendices  F and  G outline  the  derivation  of  equations  for 
directivity  angle  and  slant  distance  utilized  In  this  section. 

All  sub-sections,  except  10.7,  assume  air-to-ground  propaga- 
tion. Sub-section  10.7  Is  concerned  with  computation  of  noise 
levels  for  ground-to-ground  propagation. 

10.1  Computation  of  SEL  and  SELT  Versus  Distance  Curves 

In  a manner  parallel  to  the  calculation  of  EPNL,  SEL  and 
SELT  values  can  also  be  calculated  for  any  distance.  For  such 
calculations  It  is  assumed  that  SELT  is  the  sum  of  the  A-level 
maximum  (ALM)  plus  a duration  correction  D(AL).  Slmilarlly, 

It  Is  assumed  that  SELT  Is  the  sum  of  the  tone-corrected  A-level 
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maximum  (ALTM)  plus  a duration  correction,  D(ALT) . It  is  further 
assumed  that  SEL  and  SELT  vary  with  distance  due  to: 

a.  Changes  in  ALM  and  ALTM  which  are  due  to  inverse 
square  changes  in  SPL’s  and  changes  in  SPL's  due 
to  air  absorption. 

b.  Changes  in  D(AL)  and  D(ALT)  which  are  directly  pro- 
portional to  air  speed  and  inversely  proportional 
to  distance. 

It  is  also  assumed  that  ALM  am.  ALTM  are  generated  at  an  angle 
of  maximum  radiation,  9.  As  in  the  calculation  of  EPNL,  9 is 
chosen  on  the  basis  of  PNLM.  As  discussed  in  Appendix  E,  there 
will  generally  be  little  or  no  error  introduced  by  use  of  PNLM, 
rather  than  ALM  or  ALTM,  as  a basis  for  choosing  9. 


10.2  Normalization  of  Level  Flyover  Data  to  Standard  Day  Condi- 
tions 

Develop  basic  description  of  noise  levels  as  a function  of 
engine  performance  from  level  flyovers.  Normalize  all  flyover 
data  to  1300  feet  distance,  reference  acoustical  day  conditions. 
Data  for  low  engine  powers  should  be  normalized  to  approach  speed, 
high  power  data,  to  climbout  speed.  Utilize  the  following  steps, 
referring  to  Figure  1 for  geometry.  In  the  notation,  "J"  indi- 
cates the  "j-th"  flight  for  a specified  power  setting;  "f" 
indicates  measured  noise  data  for  which  only  record/playback  sys- 
tem corrections  have  been  applied. 


a. 

List 

test 

height  above  ground,  h^ 

(ft) 

b. 

List 

time 

interval , 

itj 

( sec ) 

c . 

List 

true 

airspeed , 

VJ 

(kt) 

d. 

Obtain  Vj 

- 1.69  Vj 

(ft/sec ) 
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i 


e.  Obtain  sin  0, 


■,  (■  - £) 

,/(i-  ^)‘  (VjltJ2 


1/2  v.  At 


f.  Obtain  slant  distance  KQj 


sin  0, 


g.  Obtain  KQ^j 


h.  Compute  a,KQ|  for  all  1 


I.  1 


1.  Compute  air  for  all  1 (where  refers  to 

sound  attenuation  coefficients  for  59°  F,  70? 
relative  humidity). 


J.  Obtain  A^  = 20  log1Q 


k.  Obtain  A,.  - PWL  - - PWL, 
bj  ref  J 

where  Ag  Is  the  difference  between  the  aircraft  sound 
power  level  at  reference  thrust  conditions  and  at  the 
field  thrust  conditions.  See  Appendix  I for  an  outline 
of  one  method  for  determining  A^ . 


Calculate  A^j  where 


A7j  - 10  log 


T^+273  * 10  105  P^ 


fTT273 

T J+271 


where 


Tj  - surface  temperature  In  °C  during  field  measurements 
Tq  “ surface  temperature  (19°C)  for  standard  day 
Pj  ■ air  density  during  field  measurements 
PQ  ■ air  density  for  standard  day 

p ■>  surface  barometric  pressure  during  field  measure- 

J 


PQ  « surface  barometric  oressure  for  standard  day. 
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Note  that  A^j  is  an  adjustment  for  the  variation  of 
the  acoustic  characteristic  impedance  (pc)  during 
the  measurements  from  the  characteristic  air  impedance 
for  a standard  day  at  sea  level. 


m.  Obtain  and  list: 

SPL^j=  SPLO)ltJ  + cti  KQj  - air  KQ^  + A5j  + A6j 
(where  SPL  (0)1J  is  the  one-third  octave 
band  SPT  for  PNLMj ) . 

n.  Compute  ALj , ALTj , PNLj , and  PNLTj  from  SPLjj _ 
(Bote  that  ALTj  - ALj  + Cj  and  PNLTj  - PNLj  + Cj ) 

o.  Obtain 

Agj  = PNLTj  - PNLT  (0)j 


- A 


7J 


(dB) 


A9J 

■ flLj 

CD 

►J 

<c 

1 

A10J 

= ALTj 

- ALT(O) j 

(or 

* Aioj 

= A9j 

* cj  ' 

C(0)j) 

P* 

Obtain 

A2  j = 

-10 

kq; 

1Ogl0  KQq j 

q. 

List  SELfJ , SELTf , 

and  EPNLj.j 

r . 

Obtain 

SELj  • 

= SELf1 

4 A9j  + A2J 

SELTj 

- 3ELTfJ  + 4ioj  = 

EPNL , 

J 

• EPNLf,  t 4A)  + 4 

(PNdB) 

(dB) 

(dB) 


V 


- log 


10 


^Tr 


(dB) 


2 j 
2 j 


(dB) 

(dB) 

(EPNdB) 


s.  Compute  the  average  values  and  standard  deviations 
for  the  following  quantities  for  a specified  power 
setting  airspeed: 


SfiL  and  sSEL 

(dB) 

S™  and  sSELT 

(dB) 

EPflL  and  sepjsjj_( 

(EPNdB) 

^1  and  sspl| 

(dB) 

where  i designates  the  individual  one-third  octave 
bands. 

t.  Compute  It,  ALT,  TWt  and  PWLT  from  SPL^ 

u.  Obtain  0j  from  sin”1  (sin  0j ) . 

v.  Compute  the  average  value  and  standard  deviation  for 
the  directivity  angle,  0j , for  a specified  power 
setting  and  airspeed: 

0 and  sQ 

In  Step  s the  9051  confidence  intervals  implied  by  the 
standard  deviations  may  be  estimated  from  Figure  2. 

Noise  measurements  at  positions  to  one  side  of  the  flight 

track  may  be  used  to  supplement  overhead  measurements  by 

2 2 1/2 

replacing  hj  in  the  above  expressions  with  Sj  ■ (hj  + d ) 
Sideline  data  should  only  be  used  for  this  purpose  if  hj  and  d 
are  selected  such  that  hj/d  is  greater  than  0.15. 
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FIGURE  2. 


NUMBER  OF  MEASUREMENTS  NEEDED  TO  ASSURE 
A 9G  PER  CENT  CONFIDENCE  INTERVAL 
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10.3  Adjustment  of  EPNL,  SEL  or  SELT  to  Any  Slant  Distance 
At  Reference  Conditions 

Refer  to  Figure  3 for  geometry.  The  EPNL  at  any  point, 
L,  on  the  ground,  perpendicular  to  the  ground  projection  of 
the  flight  path,  is  given  by: 


EPNL  = EPNLh  + PNLTx  - PNLT  (0)h  + A 2x 

no  1 o 


where: 
A 


2x 


10 


log 


LX  sin  0 


10  h 


LX» 


2 , , 2 
h^  cos  y + d 

1/2 

r 2 2~i 

0 

sin20 

sin20 

-.1/2 


h * h.  cos  y 
o 1 ' 

In  a similar  manner,  SEL  and  SELT  at  any  point,  L,  on  the 
ground  perpendicular  to  the  ground  projection  of  the  flight 
path  are  given  by: 

SELx  - SELh  + ALx  - AL(0)h  + &2x 


and 

SELT  » SELT.  + ALT  - ALT(O),  + 

x nQ  x nQ  ax 

PNLT  . AL  and  ALT  are  obtained  from  the  one-third  octave 
SPL  spectrum,  SPLix>  where  individual  one-third  octave  band  levels 
are  computed  as  follows: 


SPLix  - SPLlh0  - “ir  ( LX  - HTTo)- 

and  SPL..  are  the  one-third  octave  band 
lh 

AL(0) j.  Snd  ALT(0)h  are  computed, 
o o 


20  log 
levels 


LX  sin  0 

io  ho 

from  which  PNLT(O) 


> 
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10.4  Calculation  of  Averaged  Level  Plight  EPNL,  SEL  and  SELT 
at  Any  Slant  Distance  At  Reference  Conditions 

For  the  averaged  level  flight  data  obtained  under  Section 
10.2,  compute  EPNL,  SEL  and  SELT  values  at  various  distances  In 
accord  with  the  following  steps: 

a.  Compute  SPLlx  at  the  slant  distance  Sx: 


b. 


c . 


d. 


SPLlx  ' SPLi  - 


Compute  PNLTx,  PNLx,  ALX 


S h \ 
sin  3 j 
and  ALT 

x 


- 20  log 

from  SPL^x« 


Compute  A2x  ■ 10 


1Og10 


Obtain  EPNLx  where 

EPNLx-  EFNL  + PNLTX  - FiTTF  + A2x 

SELx  - SEL  + ALX  - AL  + A2x 
SELTx  - SECT  + ALTx  - IUT  + A2x 


(dB) 

(PNdB.dB) 

(dB) 

(EPNdB) 

(dB) 

(dB) 


. 

f 


10.5  Adjustment  of  SELT,  SEL,  and  EPNL  at  Referer ce  Conditions 
to  Other  Speed.  Weather  or  Engine  Power  Conditions 

For  relatively  small  changes  from  reference  speed,  weather 
or  engine  power  conditions  (changes  of  the  order  of  5 dB  or 
less),  adjusted  SELT,  SEL  or  EPNL  quantities  may  be  obtained 
from  the  quantities  at  reference  conditions  at  the  same  slant 
distance  Sx,  obtained  from  either  Section  10.3  or  10.4,  by 
the  following  expressions: 


SELTy  - 

SELT 

X 

- 10 

log 

JL 

Vref 

“ A6y 

+ 

47y 

(dB) 

V 

SELy  - 

SELX 

- 10 

log 

y 

_ A,- 

+ 

A 

(dB) 

v 

vref 

°y 

7y 

Vv 

EPNLy  - 

EPNLy 

- 10 

log 

A 

4 

A 

Vref 

A6y 

7y 

(EPNdB) 

where 


-y  denotes  the  noise  level  at  slant  distance  S under 

A 

new  conditions  y,  and  x,  the  noise  levels  at  Sx 

under  reference  conditions. 

“6y  " p#Lrer  - PWLy  (‘1B) 


where 


A/-  is  the  difference  between  the  aircraft  sound  power  level 
by 

at  the  reference  thrust  conditions  and  at  the  desired  thrust 
condition.  Appendix  I outlines  one  method  for  determining 


and 


A6y- 

&7y  - 10  log 


y1/ : r3 

“ref  "Tref+?73 


(dB) 


P 

or  A7  * 10  log  — 
'y  ref 


+ 273 
i“273 


(dB) 


I 

* 

| 

* 
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10 . 6 Calculation  of  Smoothed  PNLT,  EPNL,  ALT,  SELT  Values 
At  Any  Slant  Distance 

Graphs  of  tone-corrected  noise  levels  versus  distance, 
using  values  computed  In  accordance  with  Section  10, 4„  may 
show  occasional  Irregularities  at  one  or  more  distances  due 
to  tone-corrected  adjustments  that  may  reflect  false  (pseudo) 
tones.  This  section  provides  for  the  calculation  of  smoothed 
noise  level  versus  distance  data  that  will  not  contain  such 
Irregularities . 

The  basis  for  the  procedure  outlined  In  this  section  lies 
In  the  following  two  assumptions  which  are  based  upon  Inspection 
of  noise  level  versus  distance  data  for  a number  of  military  and 
civil  aircraft: 

(a)  The  tone  correction  values  typically  do  not  vary  much 
In  magnitude  for  noise  spectra  calculated  at  distances 
ranging  from  200  ft.  to  about  3,000  ft. 

(b)  At  very  large  distances  (10,000  ft.  or  greater)  any 
tone  adjustment  should  be  negligible. 

The  smoothing  steps  outlined  below  assume  computation  of 
noise  level  values  in  accordance  with  Section  10.4, 

(a)  Determine  the  tone  corrections  at  the  reference  distance, hc 

cQ  - PNLT  - PNL 

- ALT  - AL 

c'  - SELT  - SEL 

o 

(b)  For  distances,  x,  from  200  to  3500  ft.,  set 
PHLTx  « PNLx  + cQ 

ALTx  “ ALx  + co 

EPHL  - EPHLh  + PNLx  - PNLh 
no  no 


SELT. 


+ c'  + A., 

o 2x 

SEL  + c* 

X o 
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(c)  For  distances  greater  than  3500  ft.,  use  expressions  as  in 
(b)  above,  but  with  the  following  values  for  c()  and  c^: 


distance. 

X 

c0(x) 

co 

(x 

4,00C 

ft. 

0.8  c0 

0.8 

co 

5,000 

ft. 

0.6  c0 

0.6 

co 

6,300 

ft. 

0.4  -0 

0.4 

c'o 

8,ono 

ft. 

0.2  c 

0 

0.2 

c'o 

10,000 

ft. 

0 

0 

and  greater 


10.7  Calculation  of  Noise  data  Obtained  from  Flight  Measurements 
for  Ground-to-Oround  Sound  Propagation 

As  discussed  in  Appendix  J,  aircraft  noise  levels  measured  at 
the  sideline  during  aircraft  takeoffs,  or  at  very  small  grazing 
angle  during  aircraft  in  flight,  show  significantly  lower  noise 
levels  than  would  be  estimated  using  the  air-to-ground  propaga- 
tion procedures  of  the  previous  sub-sections.  This  sub-section 
develops  noise  levels  for  ground-to-ground  propagation  to  provide 
a conservative  estimate  of  sideline  noise  levels  or  noise  levels 
observed  at  low  grazing  incidence.  The  procedure  follows  that 
of  Section  10.4  with  the  addition  of  an  excess  ground  attenuation 
term  that  is  a function  of  frequency  and  distance  from  the  air- 
craft, and  a separate  adjustment  A . This  adjustment,  A , allows 

o o 

for  the  typical  sideline  attenuation  provided  by  intervening 
obstacles  (typically,  buildings  .terrain,  or  trees  and  shrubs). 

The  procedures  are  applicable  to  data  obtained  from  flight 
tests  and  which  has  been  adjusted  to  standard  day  conditions 
according  to  Section  10.2. 
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For  the  averaged  level  flight  data  obtained  under  Section  10.2, 
compute  EPNL,  SEL  and  SE’  T values  at  various  distances  as  follows: 

(a)  Compute  SPL^X  the  slant  distance  S : 


SPL,  = SPL. 
lx  1 


lr 


Is  h 

x - o 
ysln  5 


20 


- c (x)  - Ag 


(dB) 


where:  (x)  Is  the  excess  ground  attenuation  in  the  "i-th" 

frequency  band  at  distance  x as  obtained  from  Figure  4,  and 
A is  a ground  loss  factor,  taken  as  5 dB. 

(b)  Compute  PNLT  , PNL  , AL  and  ALT  from  SPL.  . (PNdB,  dB) 

XXX  X ^x 


(c)  Compute  A2x*  10 


(dB) 


(d)  Obtain  EPNL  where 
x 


EPNL  - EFT!!:  + FNLT  - FnIT  + A~ 
x x 2x 


( EPNdB ) 


SEL  = SEL  + AL  - AL  + A_ 
x x 2x 


(dB) 


SELT  = SELT  + ALT  - ALT  + A, 
x x 2x 


Mb) 


Apply  procedure  of  Section  10.6  to  smooth  irregularities  present 
in  the  tone  corrected  measures. 
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11.  COMPUTATION  OF  PNLTM  VERSUS  DISTANCE  CURVES  FROM  GROUND 
RUN-UP  OR  HOVER  NOISE  MEASUREMENTS 

From  noise  spectra  measured  along  a 250  foot  arc  and 
corrected  to  standard  day  conditions,  noise  spectra  a~e  estimated 
at  other  distances,  applying  inverse  square  corrections,  and 
corrections  for  air  absorption  and  for  excess  ground  attentuation. 
No  spectrum  adjustments  are  made  for  ground  reflection  effects. 
Appendix  H reviews  the  reasons  for  currently  omitting  ground 
reflection  adjustments. 

11.1  Basic  Noise  Description  at  250  Feet 


Develop  basic  descriptions  of  noise  levels  as  a function  of 
engine  performance  from  ground  run-up  or  hover  operations.  Nor- 
malize all  data  to  obtain  pclar  plots  of  PNLT  and  ALT  at  a radius 
of  250  feet  from  the  aircraft  for  reference  acoustical  conditions. 

In  the  following  description  indicates  the  polar  angle  in  a 

horizontal  plane  parallel  to  the  ground,  measured  from  the  for- 
ward direction  of  the  aircraft  and  "f"  indicates  measured  noise 
data  for  which  only  mlcrophone/record/playtack  systems  corrections 
have  been  applied. 

a.  Determine  c^x  - 250,  where  x is  the  radius  of  the  (dB) 

field  measurements. 


Determine  A where 


. Pf 

A7  * 10  log  — — 
1 0 


(Tf  + 273 

T~7  + 273 


^ - 10  log  — ^ 


FTref  + 273 
Tf  + 273 
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c.  Obtain  Ag  » PWL  j,  “ ^ re  ^6  i3  the  differ-  (dB) 

ence  between  the  aircraft  sound  power  level  of  ref- 
erence thrust  conditions  and  at  the  observed  field 

thrust  conditions.  Appendix  I describes  one  method 
for  determining  Ag. 

d.  Obtain  SPLC(4>t  250)^q  where 

SPL(#,  250 ) 1q  = SPL(<(,)i  + 20  log  + a1  x - *250 

+ Ag  - a7  (dB) 

e.  Compute  ALT(4>)q,  AL  ( ) 0 ' nd  PNLT(<i)q  from  SPL(4>,  250)1q 

( dB , PNdB ) 

1 1 . 2 Calculation  of  ALT(<fr),  AL(4>)  and  PNLT(4>)  at  Any  Distance 
at  Reference  Conditions 

The  ALT,  AL  and  PNL  at  any  angle  <t>  and  any  distance  x 
greater  than  250  feet  is  computed  from  SPL($,  250)io  by: 

SPL(  $ , x ) ^ «*  SPL(*)1q  - 20  log1Qx  - a.o(x-?r^'  ^(x)  + 48  (dB) 

where  ^(x)  is  the  excess  ground  attenuation  in  the  "i-th" 
frequency  band  at  distance  x as  obtained  from  Figure  4. 

11.3  Adjustment  of  ALT,  AL  and  PNL  at  Reference  "ondltlons  to 
Other  Weather  or  Thrust  Conditions 

For  relatively  small  changes  from  reference  weather  or  thrust 
conditions  (of  the  order  of  5 dB  or  less),  adjusted  ALT,  AL 
or  PNLT  quantities  may  be  obtained  from  the  quantities  at 
reference  conditions  at  the  same  angle  ( <t> ) and  distance,  x, 
by  the  following  expressions: 
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11.5  Calculation  of  Smoothed  PNLT  or  ALT  Values  at  any 

Slant  Distance 

Graphs  of  tone-corrected  noise  levels  versus  distance  using 
values  computed  in  accordance  with  Section  11.2  may  show  occasional 
Irregularities  at  one  or  more  distances  due  to  tone-corrected 
adjustments  that  may  reflect  false  (pseudo)  tones.  This  section 
provides  for  the  calculation  of  smoothed  noise  level  versus 
distance  data  that  will  not  contain  such  irregularities. 

(a)  Determine  the  tone  corrections  at  the  reference  distance 
of  250  feet. 

c = PNLT  - PNL 
o 

= ALT  - AL 

(b)  For  distances,  x,  from  200  to  3500  ft.,  set 

PNLT  U,x)=  PNL  U,x)+  cq  U) 

ALT  ( <t> , x ) = AL  (*,x)+  cq  U) 

(c)  For  distances  greater  than  3500  ft.,  use  expressions  as 
in  (b)  above,  but  with  the  following  values  for  c q ) : 


distance,  x c ($,x) 


4,000  ft. 

0.8 

Co(<M 

5,000  ft. 

0.6 

c„0) 

6,300  ft. 

0.4 

C U) 

u 

8,000  ft. 

0.2 

coU) 

10,000  ft. 

0 

and  greater 
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12.  AIRCRAFT  PERFORMANCE  INFORMATION 


This  section  outlines  the  aircraft  performance  information 
needed  for  the  development  of  aircraft  profile  and  EPNL  data  to 
be  used  in  NEF  calculations. 

The  performance  information  requested  is  generally  available 
directly  from  (or  can  be  calculated  from  data  contained  within) 
the  various  application  curves  given  in  the  Performance  Section 
of  tha  specified  Aircraft  Handbooks. 


12.1  Specified  Airport  Conditions 

Generally  the  information  described  under  the  following  sub- 
jections (12.2  and  12.3)  will  be  required  for  three  airport  condi- 
tions : 


Airport  Altitude 

Temperature 

Wind 

Sea  Level 

59°  F (Std . day) 

0 

Sea  Level 

100°  F 

0 

5000  feet 

4l°  F (Std.  atmos) 

0 

12,2  Takeoff  Information 

Takeoff  performance  Information  will  be  needed  for  a distance/ 
altitude  range  extending  either  to  12  nautical  miles  from  start 
of  takeoff  roll,  or  10,000  feet  above  the  runway.  This  takeoff 
information,  as  described  below,  should  be  reported  for  maximum 
gross  takeoff  weight  and  for  the  typical  minimum  operating  gx-oss 
weight  (this  weight  may  be  specified  In  terms  of  percent  of  maxi- 
mum gross  weight). 

a.  An  altitude  profile  graph  depicting  the  height  of 
the  aircraft  above  the  runway  as  a function  of  dis- 
tance from  brake  release.  (The  profile  can  begin  at 
tie  "clear  50  foot  obstacle"  distance.)  The  profile 
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should  reflect  typical  mission  procedures  and  may 
be  segmented  to  reflect  changes  In  power  settings. 

b.  A true  air  speed  profile  to  accompany  the  takeoff 
profile  described  In  a above.  This  profile  should 
provide  the  TAS,  beginning  at  the  "clear  50  foot 
obstacle"  distance. 

c.  Appropriate  information  to  determine  approximate 
engine  power  settings  (EPR,  % rpm,  etc)  for  each 
segment  of  the  takeoff  profile. 

Figure  5 summarizes  the  performance  information  described 
above. 

12.3  Landing  Performance  Information 

A three  degree  landing  profile  will  be  assumed  unless  a dif- 
ferent landing  profile  is  normally  used  for  the  basic  aircraft 
mission.  Tables  and/or  graphs  should  provide  the  TAS  and  the 
engine  power  settings  (EPn,  % rpm,  etc.)  typically  employed  for 
landing  at  the  maximum  landing  weight,  and  at  a typical  minimum 
operating  landing  weight. 
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APPENDIX  A 


TEST  PROCEDURE  RATIONALE 


I 

S 
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One  of  the  basic  premises  in  this  test  plan  is  that  the 
noise  produced  at  any  point  on  the  ground  by  an  aircraft  in 
flight  is  defined  solely  by  the  engine  power  setting,  the  slant 
distance  to  the  aircraft,  and  the  directivity  pattern  of  the 
noise  field  described  in  ISO  recommendation  R507,  "Procedure  for 
Describing  Aircraft  Noise  Around  An  Airport",  second  edition, 

June  1970 t These  procedures  specify  measurements  of  the  noise 
produced  during  level  flyovers  of  the  aircraft  at  different  power 
settings  and  at  different  heights.  The  measurement  and  analysis 
equipment  and  acoustical  data  analysis  techniques  are  generally 
consistent  with  both  R507  and  FAR  Part  36. 


There  are  significant  differences  between  the  choice  of 
measurement  points  and  aircraft  operating  conditions  between 
FAR  Part  36  and  this  test  plan.  Part  36  is  concerned  only  with 
the  EPNL  value  obtained  at  three  fixed  locations,  3.5  n mile 
from  brake  release  on  takeoff,  1.0  n mile  from  runway  threshold 
on  approach,  and  the  maximum  sideline  EPNL  at  0.25  or  0.35  n mile, 
depending  upon  aircraft  size.  Further,  these  values  are  obtained 
only  for  engine  power  settings  at  maximum  gross  takeoff  and  landing 
weights . 


To  compute  EPNL  at 
weights  and  procedures, 
more  about  the  aircraft 
with  the  adjustments  of 
ditions  it  is  necessary 
specifically  Identified 


any  distance  for  a full  range  of  operating 
It  is  necessary  to  know  considerably 
as  a noise  source.  In  fact,  even  to  comply 
Part  36  test  data  to  reference  day  con- 
to  know  more  about  the  aircraft  than  Is 
in  Part  36. 


? 


A 
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The  basic  technique  for  adjusting  acoustical  measurement 
data  for  certification  purposes  to  reference  day  conditions 
utilizes  level  flyover  data  at  various  engine  power  settings 
to  iefine  the  aircraft  as  a noise  source.  This  technique  has 
been  used  by  the  authors  to  adjust  Part  36  test  data  to  refer- 
ence day  conditions,  over  a wide  range  of  test  conditions,  in 
a number  of  separate  certification  programs  approved  by  FAA. 

Under  a proposed  change*  in  Part  36,  this  approach  is  specified 
in  lieu  of  different  procedures  now  schematically  indicated  in 
the  regulation.  In  its  comment  on  the  proposed  change.  Docket 
No.  11412,  Notice  71-26,  the  Aerospace  Industries  Association 
notes  that  in  all  of  its  certification  efforts,  the  level  fly- 
over technique  has  been  used. 

The  accuracy  of  predicting  takeoff  or  approach  noise  to 
slant  distances  of  up  to  4000  feet  from  level  flyover  data  at 
500  feet  have  been  examined  for  three  aircraft,  the  Gulfstream 
II,  the  Sabrellner,  and  the  Jet  Commander.  Agreement  of  approach 
noise  levels  calculated  from  level  flyovers,  with  actual  approach 
noise  levels  is  within  a few  tenths  of  decibels.  Takeoff  compari- 
sons range  from  0.1  to  about  one  decibel  for  these  cases.  This 
Is  of  the  same  magnitude  as  the  standard  deviation  of  the  meas- 
urements, which- varied  from  0.7  to  1.3  dB. 

An  alternate  approach  to  the  procedure  described  herein  is 
to  make  many  more  measurements  at  a number  of  positions  under  the 
takeoff  and  approach  path  of  the  aircraft  at  various  power  set- 
tings and  gross  weights.  Acquisition  of  an  adequate  set  of  data 
on  this  basis  would  require  from  three  to  four  times  the  number 
of  micropnone  positions  and  on  the  order  of  twice  the  test  flight 
hours  with  no  improvement  In  acoustical  accuracy.  Further,  radar 
or  photo-theodolite  flight  path  tracking  would  be  essential  in 
such  a program;  in  this  test  plan  it  may  be  helpful,  but  is  not 

•FAA  Notice  of  Proposed  Rule  Making,  Noise  Type  Certification  and 
Acoustical  Change  Approvals,  FAA  Docket  11412,  Notice  71-26. 
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essential.  Thi3  point  is  highly  significant  in  determining  the 
suitability  of  test  3ites  since  only  a few  tracking  facilities 
are  available  in  this  country. 

In  summary,  the  te3t  plan  specified  obtains  the  required 
data  with  the  desired  accuracy,  a minimum  of  data  acquisition 
and  test  flight  time,  and  provides  wide  flexibility  in  test  sites. 


APPENDIX  B 


Reproduced  from 
besl  available  copy 


FLYOVEK  NOISE  MEASUREMENTS  AT  LARGE  DISTANCES 


In  applying  NEE  procedures,  one  may  wish  to  estimate  EPNL 
values  over  distances  ranging  from  several  hundred  feet  to  tens 
of  thousands  of  feet  (20,000  feet  or  beyond)  depending  on  volume 
of  operations  and  other  factors.  The  procedures  outlined  in 
this  test  plan  predict  EPNL  values  from  measurements  made  at 
moderate  slant  distances  (order  of  400  feet  to  1000  feet),  and 
do  not  utilize  measurements  at  much  larger  distances  from  the 
aircraft,  on  a routine  basis. 

While  the  estimation  procedures  outlined  in  this  test  plan 
do  involve  errors  due  to  basic  assumptions  (primarily  in  estimat- 
ing D,  the  duration  correction,  and  in  applying  atmospheric  ab- 
sorotion  coefficients)  it  is  believed  that  these  errors  would 
not  be  substantially  reduced  by  introducing  measurements  at  large 
distances,  or-  aircraft  flights  at  higher  altitudes.  While  further 
experimental  test  programs  involving  measurements  at  small  and 
large  slant  distances  are  extremely  desirable,  current  data  indi- 
cate that  measurements  at  large  distances  often  show  relatively 
large  scatter  and  are  subject  to  uncertainties  in  interpretation 
which  greatly  detract  from  their  usefulness.  Errors  and  uncer- 
tainties arise  from  several  factors.  Including  the  following: 

1.  Correlation  of  engine  noise  output  between  flights 
at  high  altitudes  and  those  at  low  altitudes  Is 
often  inexact  because  of  uncertainties,  of  the  ef- 
fects Oi  altitude  and  speed  on  engine  source  out- 
put and  directivity. 

2.  Propagation  over  lonr  path  distances,  is  -abject, 
to  fluctuations,  and  errors  introduced  by  atmos- 
pheric path  variables.  Current  understanding  of 
the  effect  of  different  atmospheric  variable's,  on 
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the  propagation  of  aircraft  signals  is  incomplete, 
and  test  and  analysis  procedures  to  account  for 
atmospheric  effects  are  not  well  established. 


3.  Measurements  at  large  distances  yields  relative- 
ly low  level  signals,  with  portions  of  the  spectra 
(particularly  higher  frequency  bands)  obscured  by 
ambient  noise  levels.  Thus,  incomplete  spectral 
information  is  obtained.  In  addit'on,  methods  of 
correcting  for  the  effects  of  the  background  noise 
may  introduce  sizable  errors  or  uncertainties  ir. 
defining  the  aircraft  noise  levels. 
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APPENDIX  C 


CONSIDERATIONS  IN  SELECTING  PLIGHT  ALTITUDES  AND  DATA 
SAMPLING  INTERVALS  FOR  FLYOVER  NOISE  MEASUREMENTS 

A.  INTRODUCTION 

The  noise  processing  techniques  defined  under  FAA  PAR  36 
for  handling  flyover  data  were  developed  in  the  context  of 
flyover  signals  that  would  typically  have  durations  (as  meas- 
ured 10  dB  down  from  the  maximum  value)  of  the  order  of  10  sec- 
onds or  greater.  For  signals  of  this  duration,  sampling  inter- 
vals of  0.5  seconds  and  integration  times  on  the  order  of  0.5 
seconds  are  generally  entirely  adequate  to  describe  the  time 
histories  of  flyover  noise  signals  with  little  distortion. 
However,  when  the  signal  durations  are  appreciably  shorter  than 
10  seconds  and,  in  particular,  much  less  than  5 seconds  dura- 
tion, several  sources  of  error,  formerly  negligible,  may  become 
significant.  Fo  example,  with  short  duration  flyovers,  the 
half-second  sampling  interval  now  becomes  an  appreciable  frac- 
tion of  the  total  time  history,  introducing  increased  possibili- 
ties for  errors  in  sampling  the  noise  levels  at  the  time  of 
maxima  and  introducing  uncertainties  in  the  specification  of  the 
maximum  angle  of  radiation.  This  may  result  in  consequent  errors 
in  developing  noise  level  versus  distance  curves. 

Another  source  of  potential  error  is  the  relatively  long 
integration  time.  For  short  duration  samples,  a long  integra- 
tion time  results  in  an  underestimate  of  the  maximum  noise  levels 
Luckily,  compensations  occur  such  that  time-integrated  noise 
measures,  such  as  the  EPNL  or  SEL  are  relatively  little  distorted 
This  aspect  was  discussed  in  Section  JV-B  of  AMRL  TR-73-106 
whei’e  it  is  shown  that  there  was  little  change  In  EPNL  values 
for  time  histories  having  durations  of  the  order  of  7 to  15  sec- 
onds . 
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Since  it  is  desired  to  estimate  maximum  noise  levels  (PNL, 
PNLT  and  A-levels)  as  well  as  integrated  measures,  processing 
errors  should  be  minimized  so  as  not  to  introduce  systematic 
bias  in  noise  level  projections.  The  simplest  way  to  avoid 
such  problems  is  to  obtain  initial  flyover  noise  signals  that 
are  at  least  5 seconds  in  duration.  However,  for  many  military 
aircraft,  the  practicable  speed  ranges  for  runs  at  some  of  the 
desired  thrust  ratings  are  limited,  hence  high  speed  runs  at 
relatively  low  altitudes  cannot  always  be  avoided. 


When  high  speeds  are  unavoidable,  one  approach  is  to  per- 
form the  flight  tests  at  a higher  altitude,  say  1000  feet  ather 
than  500  feet.  When  this  approach  is  not  feasible,  or  still 
results  in  short  duration  signals,  it  may  be  necessary  to  employ 
shorter  sam^ing  intervals  (and  integration  times)  In  data  ana- 
lysis . 


The  remainder  of  this  appendix  presents  information  on  typi- 
cal durations  for  military  aircraft,  as  observed  from  initial 
sets  of  Air  Force  data,  several  analyses  of  flyover  records  ob- 
tained for  short  duration  runs,  and  recommendations  for  selection 
of  flight  altitudes  and  sampling  intervals. 


B.  TYPICAL  DURATION  TIMES 

As  a guide  in  nlanning.  Figure  C-l  shows  the  trend  of  meas- 
ured duration  times  for  Jet  aircraft  (single  and  multi-engine) 
and  for  propeller  aircraft,  as  extracted  from  recent  flyover 
noise  measurements.  Regression  lines  based  on  observed  duration 
times  (defined  as  the  time  between  10  dM  down  points  from  TNI/VF) 
are  plotted  In  the  figure  in  terms  of  duration  as  a function  of 
the  ratio  of  reported  aircraft  altitude  to  aircraft  speed.  One 
curve  represents  the  duration  observed  during  high  thrust  runs 
of  Jet  aircraft  (including  after-burner,  military,  and  wet-and- 
dry  takeoff  conditions).  A separate  curve  shows  the  durations 
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tor  jet  aircraft  at  approach  and  cruise  thrust.  The  remaining 
curve  shows  the  durations  observed  for  the  C-131  propeller  air- 
craft, based  on  all  measured  power  settings. 


C . FLYOVER  DATA  STUDIES 

’i'o  examine  the  possible  magnitude  of  errors  involved  in  pro- 
cessing relatively  short  duration  flyover  noise  signals,  two 
individual  short  duration  runs  were  analyzed.  For  these  short 
duration  flyovers,  9 values  and  corresponding  spectra  were  chosen 
at  the  time  of  the  maximum  PNLT  value  and  also  at  times  of  0.5 
second  preceding  and  following  the  maximum  PNLT  value.  The  first 
run  was  that  of  an  F-100  at  cruise  power,  with  a signal  duration 
of  6.7  seconds.  The  second  case  chosen  was  a C-135A  run  at 
cruise  thrust  with  a signal  duration  of  1.8  seconds. 

Results  for  the  F-100  run  analysis  are  shown  In  Figure  C-2 
through  C-6.  Figure  C-2  shows  the  spectra  and  0 values  while 
Figure  C-3  through  C-6  show  the  resulting  noise  levels  versus 
distance  curves.  For  this  run,  maximum  values  of  PNLT,  PNL, 

A- level 3 and  D-levels  coincided, with  the  unusual  complication 
that  the  maximum  PNL  value  was  observed  for  two  samples,  PNLTM 
and  the  succeeding  time  Interval  (PNLTM  + 0.5  seconds). 

At  large  distances,  there  are  sizable  differences  between 
the  maximum  noise  level  measure  - curves  (PNLT,  PNL  and  A-level) 
but  little  difference  in  the  EPNL  curves  (see  Figure  C-6). 
Selection  of  0 and  the  corresponding  spectra  occurring  0.5  sec- 
onds before  the  PNLM  results  in  a projection  of  lower  levels  at 
larger  distances.  For  this  particular  example,  selection  of  the 
9 and  spectrum  occurring  0.5  seconds  after  PNLTM  results  In  values 
slightly  higher  than  the  noise  level  projections  based  on  the 
PNLT  values.  (This  Illustrates  the  unusual  case  where  there  wore 
two  spectra  having  equal  PNLM  values.) 
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Figures  C-7  through  C-12  shows  the  results  of  a similar  ana- 
lysis of  the  C-135A  cruise  thrust  run.  Spectrum  differences 
(see  Figure  C-7)  are  greater,  as  are  the  angle  differences.  As 
a consequence,  differences  in  projected  PNLT,  PNL  and  A-levels 
are  considerably  greater  over  the  entire  distance  range.  Again 

Figure  C-ll  and  C-12  show  that  differences  in  EPNL  and  SEL  values 
are  relatively  small. 

The  effects  of  shortening  sampling  intervals  and  integration 
oimes  in  analysis  of  short  duration  flyovers  was  examined  by 
analysis  of  data  from  two  C-135A  runs.  For  these  runs,  the  re- 
corded noise  flyover  data  had  been  processed  using  sampling  inter- 
vals (and  integration  times)  of  0.5,  0.25,  and  0.125  seconds. 
Figures  C-13  through  C~l8  show  the  results  of  one  run  (72-025- 
006-01),  while  Figures  C— 19  through  C-2^l  show  the  results  for 
run  72-025-006-03. 

The  resulting  spectra  for  the  various  integration  times  (see 
Figures  C-13  and  C— 19 ) show  only  minor  differences  with  changes 
in  sampling  interval.  The  resulting  projections  of  PNLT,  PNL, 
and  A-levels  show  differences  of  the  order  of  2 dB  with  the  higher 
levels  occurring  for  the  shorter  integration  time  as  expected. 
Typically,  the  differences  are  slightly  greater  at  shorter  dis- 
tances than  at  larger  distances.  Thus  the  average  spread  in  levels 
for  the  three  integration  times  was  2.0  dB  at  500  feet-,  and  1.8 
dB  at  5,000  feet  (as  based  on  an  average  of  differences  in  PNLT, 

PNL  and  A-level  measures). 

The  EPNL  and  SEL  projections  show  smaller  differences  with 
integration  time,  again  as  anticipated.  The  differences  tend  to 
increase  at  the  larger  distance.  Thus  the  average  spread  for  the 
EPNL  and  SEL  values  for  the  two  runs  with  integration  time  was 
0,6  dB  at  500  feet  and  1.5  dB  at  5,000  feet. 
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D.  SUMMARY  AND  RECOMMENDATIONS 

The  analyses  of  relatively  short  duration  flyover  signals 
(less  than  5 seconds)  show  that  sizable  errors  can  occur  In 
projections  of  maximum  noise  levels  (PNLT,  PNL  and  A-levels) 
due  to  possible  errors  In  selecting  the  proper  time  at  which 
the  maximum  noise  levels  occur.  Errors  also  occur  due  to  the 
relatively  long  sampling  intervals  (and  integration  times). 

The  resulting  errors  in  projected  EPNL  and  SENEL  values  are, 
fortunately,  quite  small.  However,  to  minimize  the  underesti- 
mate of  maximum  noise  levels  the  following  recommendations  are 
given. 

1.  Using  the  duration  estimates  provided  in  Figure 
C-l,  select  altitudes  and  speeds  such  that  the 
expected  flyover  signal  duration  would  be  in 
excess  of  5 seconds.  When  this  is  not  feasible, 
sampling  intervals  should  be  chosen  in  accordance 
with  the  following: 


Sampling  Interval 

Duration,  d,  and  Integration  Ime, 

in  seconds  in  seconds 

d 2 5 
5 > d > 2 
d < 2 


0.5 

0.25 

0.125 


Flyover  Signal  Duration  in  seconds 
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-1.  FLYOVER  SIGNAL  DURATION  AS  A FUNCTION  OF 
AIRCRAFT  ALTITUDE  AND  SPEED 
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FIGURE  C-2.  NORMALIZED  FLYOVER  NOISE  SPECTRA  FOR  DIFFERENT 
TIMES  - F100,  CRUISE  THRUST,  400  FEET,  370  KNOTS 
(Ron  72-030-002-02) 
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FIGURE  C-3.  TONE-CORRECTED  PERCEIVED  NOISE  LEVEL  VS  DISTANCE 
CURVES  FOR  DIFFERENT  TIMES  - F 1 00 , CRUISE  THRUST, 
400  FEET,  370  KNOTS  (RUN  72-030-002-02 
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FIGURE  C-4.  PERCEIVED  NOISE  LEVEL  VS  DISTANCE  CURVES  FOR 
DIFFERENT  TIMES  - F100,  CRUISE  THRUST,  400  FEET, 
370  KNOTS  (RUN  72-030-002-02) 
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FIGURE  C-6.  EFFECTIVE  PERCEIVED  NOISE  LEVEL  VS 
CURVES  FOR  DIFFERENT  TIMES  - F100, 
400  FEET,  370  KNOTS  {RUN  72-030-002 
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FIGURE  C“7.  NORMALIZED  FLYOVER  NOISE  SPECTRA  FOR  DIFFERENT 
TIMES,  C 1 33B,  CRUISE  THRUST,  400  FEET,  300  KNOTS 
(SUN  72-025-004-01) 
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FIGURE  C-10.  A-LEVEL  VS  DISTANCE  CURVES  FOR  DIFFERENT  TIMES  - 
0356,  CRUISE  THRUST,  400  FEET,  300  KNOTS  (RUN 
72-025-006-01) 
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FIGURE  C-M.  EFFECTIVE  PERCEIVED  NOISE  LEVEL  VS  DISTANCE  CURVES 
FOR  DIFFERENT  TIMES  - C135B,  CRUISE  THRUST,  400  FEET, 
300  KNOTS  (RUN  72-025-006-01) 
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FIGUkE  C - 1 2 . SOUND  EXPOSURF  LEVEL  VS  DISTANCE  CURVES  FOR 
DIFFERENT  TIMES  - C'35B,  CRUISE  THRUST,  400  TEE 
300  KNOTS  (RUN  7 2 - ,2  5 - 006  - 0 1 ) 
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-13.  NORMALIZED  1 Y O V E R NOISE  SPECTRA  FOR  DIFFERENT 

SAMPLING  INTERNALS  - C13j8,  CRUISE  THRUST,  400  FEET, 
300  KNOTS  (RUN  ? ? -025 -006 -0  1 ) 
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FIGUkE  C-M.  TONE-CORRECTED  PERCEIVED  NOISE  LEVEL  VS  DISTANCE 
CURVES  FOR  DIFFERENT  SAMPLING  INTERVALS  - C135B, 
CRUISE  THRUST,  400  FEET,  3C0  KNOTS  (RUN  72-025-006-01) 
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FIGURE  C-17.  EFFECTIVE  PERCEIVED  NOISE  LEVEL  VS  DISTANCE  CURVES 
FOR  DIFFERENT  SAMPLING  INTERVALS  - CI35B,  CRUISE 
THRUST,  400  FEET,  300  KNOTS  (RUN  72-025-006-01) 
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FIGURE  C - 1 8 . 


SOUND  EXPOSURE  LEVEL  VS  DISTANCE  CURVCS  FOR 
DIFFERENT  SAMPLING  INTERVALS  - C135B,  CRUISE 
THRUST,  400  FEET,  300  KNOTS  (RUN  72-025-006-01  ) 
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FIGURE  C -20. 


TONE-CORRECTED  PERCEIVED  NOISE  LEVEL  VS  DISTANCE 
CURVES  FOR  DIFFERENT  SAMPLING  INTERVALS  - C135B, 
CRUISE  THRUST  400  FEET,  300  KNOTS  (RUN  72-025-006- 
3) 
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FIGURE  C - 2 1 . PERCEIVED  NOISE  LEVEL  VS  DISTANCE  CURVES  FOR 
DIFFERENT  SAMPLING  INTERVALS  - 0 358,  CRUISE 
THRUST,  400  FEET,  300  KNOTS  (RUN  72-025-006-03) 
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FIGURE  C -2 1 . 


EFFECTIVE  PERCEIVED  NOISE  LEVEL  VS  DISTANCE 
CURVES  FOR  DIFFERENT  SAMPLING  INTERVALS  - C135B, 
CRUISE  THRUST,  400  FEET,  300  KNOTS  (RUN  72-025-006- 
03) 
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FIGURE  C-24.  SOUND  EXPOSURE  LEVEL  VS  DISTANCE  CURVES  FOR 
DIFFERENT  SAMPLING  INTERVAL'  - C135B,  CRUISE 
THRUST,  400  FEET,  300  KNOTS  (RUN  72-025-006-03) 
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APPENDIX  D 

SUPPLYING  MISSING  SPECTRUM  LEVELS  FOR 
PNL  AND  EPNL  CALCULATIONS 


A.  INTRODUCTION 

The  processing:  of  recorded  field  noise  data  often  results 
In  spectra  with  one  or  more  "missing"  one-third  octave  band 
levels.  Ambient  or  system  noise,  dynamic  range  limitations 
or  ground  reflection  effects  result  In  loss  of  parts  of  spectra, 
typically  beginning  with  the  highest  frequency  bands.  The  re- 
sulting loss  of  one-third  octave  band  information  results  in 
errors  in  calculated  values  of  PNL,  PNLT,  A-level,  etc.  Past 
experience  has  generally  shown  that  the  omission  of  one  or  two 
band  levels  Introduces  little  error.  However,  little  Informa- 
tion is  available  as  to  the  degree  of  degradation  in  spectrum 
information  which  can  be  tolerated  before  sizable  errors  are 
introduced . 

This  appendix  discusses  the  probable  magnitude  of  errors 
due  to  missing  band  levels  and  presents  a simple-  algorithm  for 
supplying  the  missing  levels  which  reduces  the  likelihood  of 
sizable  errors. 

With  parts  of  the  spectrum  missing,  calculated  PNL  or  A- 
level  values  are  lower  than  the  "actual"  levels  which  would  have 
been  obtained  had  all  the  noise  level  Information  been  available. 
Missing  bands  can  also  result  In  false  "tone  corrections"  which 
In  turn  may  result  In  occasional  calculated  PNLT  values  which 
arc  higher  than  the  "actual"  values.  Typically,  the  number  of 
missing  bands  will  be  minimal  near  the  peak  of  an  aircraft  fly- 
over signal  but  will  increase  nr  noise  levels  fall  off.  As  a 
result,  the  calculated  flyover  durations  r.ay  tend  to  he  shorter 
than  actual,  resulting  in  possible  under-estimation  of  integrated 
noise  measures  such  as  the  r I'NL  and  DEL. 
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B.  APPROACH 


Analysis  was  based  upon  consideration  of  the  effects  of 
missing  data  for  two  basic  noise  spectrum  families  — those 
produced  by  an  F-100  takeoff  and  a 727  approach.  One-third 
octave  band  spectra  for  each  of  the  two  families  were  generated 
at  a number  of  distances;  spectra  at  distances  of  *100,  1000  and 
5000  feet  were  selected  for  study.  These  spectra  are  shown  in 
Figure  D-l. 

For  each  of  these  six  basic  spectra,  sets  of  spectra  with 
missing  bands  were  generated  as  follows: 

1.  Fjr  each  of  the  six  basic  spectra,  the  dynamic 
range  was  systematically  reduced  by  3 dB  steps. 

This  resulted  in  successive  omission  of  increas- 
ing numbers  of  frequency  bands.  PNL,  PNLT  and 
A-levels  were  then  calculated  from  the  remaining 
bands  (i.e.,  the  missing  bands  were  simnly  omit- 
ted from  the  resulting  calculations). 

2.  The  spectra  were  systematically  reduced  as  in 
(1).  However,  "missing"  band  levels  were  sup- 
plied by  the  following  simple  rules: 

(a)  For  missing  high  frequency  band  levels, 
generate  levels  by  extrapolating  the  slope 
of  the  two  preceding  (lower)  bands,  pro- 
vided the  change  in  slope  is  6 dB  or  greater. 

If  the  slope  is  less  than  6 dB,  assume  an 
arbitrary  decrease  of  6 dB  per  ore  third 
octave  bard. 

(b)  For  missing  band  levels  where  levels  ax*e  re- 
ported at  botn  higher  or  lower  frequencies, 
generate  the  missing  band  levels  by  interpola- 
tion between  the  nearest  adjacent  banu  levels. 
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(c)  For  missing  low  frequency  bands,  set  the 
levels  equal  to  the  nearest  hand  level. 


C.  RESULTS 

The  calculations  were  analyzed  by  comparing  the  FNL  and 
PNLT  values  with  those  for  the  original  spectra  with  no  rinsing 
bands.  Results  were  plotted  in  terns  of  the  total  dynamic 
range  of  the  signal  with  missing  hands  and  in  terms  of  the 
number  of  bands  actually  used  in  the  calculations  (excluding 
bands  for  which  levels  were  assumed).  Results,  plotted  in 
terms  of  number  of  bands,  are  shown  in  Figures  D-2,  D-3  and  D-fc. 

In  terms  of  dynamic  range,  and  with  bands  simply  omitted, 
little  error  in  PNL  (less  than  1 dB)  resulted  until  the  dynamic 
range  was  reduced  to  2C  dB  or  less.  With  the  missing  band3 
supplied  by  the  logic  Indicated  above,  the  dynamic  range  could 
typically  be  reduced  to  10  dB  or  less;  however,  some  of  the  fan 
spectra  showed  errors  In  excess  of  1 dB  (calculated  values  high- 
er than  actual)  when  the  dynamic  ranre  decreased  to  18  dB  or 
less . 
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Analyzed  In  terms  of  number  of  bands  used  In  calculations, 
the  errors  due  to  missing  bands  were  less  than  1 dB  until  the 
number  of  banc's  was  reduced  to  18  or  less  as  shown  in  Figure  D-2. 
With  the  missing  bands  filled  in  by  the  logic  described  above, 
the  number  of  bands  could  be  reduced  to  10  without  an  error 
of  more  than  1 dB.  This  If,  illustrated  in  the  upper  portion  of 
Figure  D-^. 


For  the  727  approach  case,  Ph'LT  valuer,  wore  irregulri”  as 
bands  were  omitted,  with  wide  variations  observed  as  the  number 
of  bands  decreased  below  22.  Cee  Figure  D-3.  ''he  rather  erratic 
results  obtained  from  this  analysis  are  to  be  excreted  because 
of  the  logic  currently  employed  In  the  tone  corrections  proce- 
dures specified  under  FAR  3^>.  However,  with  the  missing  bands 
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supplied  in  accordance  with  the  logic  used  above,  the  PNLT 
values  changed  smoothly  and  showed  errors  of  less  than  1 dB 
until  the  number  of  bands  was  reduced  to  6 or  less,  as  illus- 
trated in  the  lower  portion  of  Figure  D-*i. 


D.  RECOMMENDATIONS 

Based  on  the  results  described  above,  the  following  recom- 
mendations are  made. 

1.  Employ  the  rules  described  under  (P)  for  supply- 
ing missing  band  level  information  for  both  fly- 
over and  ground  runup  noise  data. 

2.  On  plots  showing  the  tine  history  of  flyover  noise 
levels,  or  on  tabulations  of  one-third  octave  band 
spectra,  iia7  the  spectra  (or  times)  where  spectra 
having  less  than  20  bands  were  measured. 

3.  Do  not  calculate  PNL,  PNLT,  A-levels  or  other  meas- 
ures for  spectra  where  less  than  10  bands  were 
measured . 
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FIGURE  D-l  . NOISE  SPECTRA  FOR  MISSING  RAND  LEVEL  CALCULATIONS 
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FIGURE  9-2.  DIFFERENCE  IN  FERCEIV ED  NOISE  LEVELS  CALCULATED  WITH  FULL 
TRUNCATED  SFECTRA  - MISSING  BAND  LEVELS  SIMFLY  OMITTED  Ft 
CALCULATIONS 
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FIGURE  0-3.  DIFFERENCES  IN  TONE-CORRECTED  PERCEIVED  NOISE  LEVELS  CALCULATED  WITH 
FULL  AND  TRUNCATEO  SPECTRA  - MISSING  BAND  LEVELS  SIMFLY  OMITTED  *ROM 
CALCULATIONS 


— 'A 


‘ ‘ {' 


APPENDIX  K 

CHOICE  OF  ANCLES  AND  NOISE  SPECTRUM 
POR  EXTRAPOLATING  NOISE  LEVELS 
TO  DIFFERENT  DISTANCES 


A.  DISCUSSION 

The  simple  analytic  model  employed  for  estimating  ETNL  value 
at  distances  other  than  measured  assumes  that  at  th<  reference 
distance; 


EPNL  - TNLT(e)  ♦ D 

where  0 is  the  angle  of  maximum  radiation  and  PNLT  Is  calculat 
ed  from  the  spectrum  at  0.  For  other  distances  it  is  assumed 
that  the  EPNL  varies  due 

1.  Changes  in  PNLT,  where  PNLT  is  calculated  from  a 
one-third  octave  hand  spectrum  which  is  derived 
from  the  reference  spectra  after  Inverse  square 
adjustments  for  distance  and  adjustments  for  air 
absorption. 

2.  Changes  in  D which  are  proportional  to  10  tires 
the  logarithm  of  the  ratios  of  the  air  speeds,  and 
the  inverse  ratios  of  distance. 

A question  arises  as  the  criterion  to  he  used  for  choosing 
0,  and,  in  turn,  the  spectrum  correspond! nr  to  A.  An  initial 
choice  night  be  on  a basis  of  the  maximum  PNI.T  value  olserved 
during  the  flyover.  However,  one  might  also  consider  choices 
based  on  the  maximum  PNL,  A-level  or  D-level.  For  aircraft 
noise  sources  where  the  directional  characteristics  show  a pro- 
nounced single  lobe  (in  contrast  to  multiple  lobes)  and  where 
the  shape  of  the  noise  spectra  does  not  vary  drastically  at  dif- 
ferent angles,  one  will  generally  find  relatively  good  agreement 


In  choice  of  maximum  angle  fop  the  several  noise  levels.  However, 
where  directional  patterns  show  more  than  one  lobe,  and  particu- 
larly where  spectrum  shape  shows  large  differences  with  radiation 
angle,  thore  can  be  sizable  differences  between  the  angler,  chosen 
on  basis  of  PNLT,  FHL  or  other  noise  measurer  which  can  remit 
In  significant  differences  In  noise  level  projections. 

Several  kinds  of  problems  ray  arise: 

1.  With  more  than  one  lobe,  the  maximum  angle  may 
be  dependent  on  the  choice  of  the  noise  measure, 
leading  to  widely  different  choices  of  angles 
and  spectra. 

2.  Where  there  are  two  or  more  lobes,  maximum  angles 
may  vary  slzably  from  run  to  run.  At  one  time, 

a forward  lobe  might  be  chosen  from  the  flyover 
time  history;  on  another  run,  the  second  lobe 
might  be  the  maximum. 

Typically,  these  problems  are  most  likely  to  occur  at  approach 
or  cruise  thrusts  for  turbojet  and  turbofan  aircraft.  They  are 
both  evident  In  sets  of  Air  Force  level  flight  'lyover  data  for 
the  C-135A  aircraft  at  approach)  and  cruise  power.  As  an  example. 
Figure  E-l  shows  the  PNLT  time  histories  for  eight  approach  power 

runs.  In  the  figure,  the  time  histories  have  been  aligned  so  that 

the  maximum  values  for  the  second  lobe  coincide.  (The  time  his- 
tories are  displaced  vertically  so  that  thore  Is  a 10  dE  displace- 
ment between  the  m;  :na  of  the  second  lobes.)  For  three  of  the 

eight  runs,  the  PIJLTM  value  Is  due  to  the  forward  1-^he,  while  In 
the  remaining  cases,  the  rear  lobe  dominates. 

'awo  other  factors  should  also  be  considered:  First,  the  cur- 

rent method  for  calculating  the  tone  correction  for  the  PNLT 
values  sometimes  give  erratic  results  which  are  tied  to  particular 
spectrum  details.  Occasionally,  this  may  Introduce  an  error  In 
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selecting  the  maximum  angle,  6.  A more  significant  problem 
arises  from  the  strong  compressor  or  fan  components  found  in  the 
vicinity  of  2,000  Hz  for  many  current  Jet  aircraft.  When  there 
is  a strong  tone  component  the  spectrum  selected  on  the  basis  of 
PNLT  may  have  relatively  low  sound  pressure  levels  in  the  middle 
and  lower  frequency  bands.  Thus,  when  this  spectrum  is  extrapo- 
lated to  large  distances,  the  resulting  noise  level  versus  distance 
curves  will  show  a high  rate  of  change  of  noise  levels  with  dis- 
tance due  to  the  rapid  attenuation  of  the  strong  tone  component. 

At  large  distance:-,  the  calculated  noise  levels  may  underestimate 
the  Jet  noise  contributions. 


B.  DATA  ANALYSES 

To  examine  the  effects  of  using  different  criteria  in  choos- 
ing angles  and  corresponding  spectra,  noise  level  versus  distance 
curves  were  generated  from  sets  of  flycver  data  for  the  C-135A 
at  approach  and  cruise  thrusts  using  different  criteria  in  select- 
ing 0.  For  each  run  in  the  two  sets  of  data,  8 values  (and  spec- 
tra) were  selected  for  the  maximum  PNLT,  maximum  PNL,  maximum  A- 
level  and  maximum  D-level.-  In  addition,  one  run  which  showed  a 
large  time  difference  between  maxima  selected  by  differing  cri- 
teria was  analyzed  separately. 

For  the  12  sets  of  approach  data,  normalized  to  ^00  feet,  the 
average  spectra  selected  on  the  basin  of  the  different  criteria 
are  shown  In  Figure  E-2.  There  is  a relatively  large  difference 
between  the  spectrum  selected  on  the  basis  of  PNLT,  arid  the  re- 
maining spectra.  However,  the  spectra  selected  on  the  basis  of 
either  PNL,  A-level  or  D-level  maxima  show  only  small  differences. 


•For  the  twelve  sets  of  approach  data,  the  0 values  selected  on 
the  basis  of  PNLT  or  PNL  were  the  same  in  four  runs,  and  differed 
in  eight.  For  the  eight  sets  of  cru’se  data,  the  a values  were 
the  same  for  three  runs,  and  differed  in  fiv>-. 
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Table  E-l  shows  the  average  value  of  8,  and  the  standard 
deviation  for  the  average  value,  for  the  different  criteria. 

For  both  the  cruise  and  approach  data,  there  Is  a relatively 
large  difference  In  0 between  the  PNLTM  criteria  and  the  others. 
The  standard  deviation  for  the  PNLTM  criteria  Is  large  for  the 
approach  data,  but  relatively  small  for  the  cruise  data. 

Prom  the  spectra  and  0 values  of  Figure  E-2  and  Table  E-T, 
noise  level  versus  distance  curves  were  generated  for  TNLT,  PNL, 
A-level,  EPNL  and  S E L.  The  corresponding  plots  are  shown  In 
Figures  E-3  through  E-7.  In  each  of  the  figures,  one  will  note 
that  the  noise  level  values  chosen  on  the  basis  of  the  PNLT  maxi- 
ma drop  off  more  rapidly  with  distance  and,  at  large  distances, 
fall  well  below  the  noise  levels -projected  on  the  basis  of  the 
other  choices  of  9.  Figure  E-8  shows  the  differences  between 
projected  noise  levels  chosen  on  the  basis  of  PNLTM  or  PNLM  cri- 
teria at  four  distances:  400,  1000,  4000,  and  10,000  feet.  Typi- 
cally, the  choice  based  on  PNLT  criteria  results  In  slightly 
higher  PNLT  or  EPV‘  values  at  400  feet.  But,  for  other  measure*, 
at  any  distance,  or  for  EPNL  and  PNLT  at  distances  beyond  1000 
feet,  noise  levels  projected  on  the  basis  of  PNLT  criteria  are 
lower  than  those  based  on  FNL  criteria. 

Results  of  a similar  analysis  for  the  eight  sets  of  C-135A 
data  taken  at  r.ulse  power  are  shown  also  In  Figures  E-y  through 
E-14.  Spectra  are  shown  in  Figures  E-9  and  corresponding  plots 
of  noise  level  versus  uistance  are  shown  In  Figures  E-10  through 
E-14.  Figure  E-15,  In  a presentation  similar  to  Figure  E-8, 
compares  the  differences  in  noise  levels  depending  on  choice  of 
PNLTM  and  FNLM  criteria.  The  trends  for  the  cruise  data  ar«  the 
same  as  for  the  approach  data,  except  that  the  differences  between 
noise  levels  based  on  tho  PNLTM  criteria  and  those  for  the  other 
criteria  are  even  more  pronounced  at  large  distances. 
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From  the  sets  of  C-135A  approach  data,  a "worst  case"  single 
run  was  analyzed,  based  upon  the  selection  of  the  run  which  stowed 
the  greatest  time  difference  between  maxima  selected  by  different 
criteria.  (The  information  presented  in  the  previous  figures  is 
based  upon  averaging  eight  or  twelve  sets  of  data.) 

Figure  E-l6  shows  the  spectra  for  the  different  9 values,  and 
Figures  E-17  through  E-21  show  the  noise  level  versus  distance 
curves.  The  difference  between  noise  level  projections  based  on 
PNLTM  and  other  criteria  are  larger  for  this  "worst  case"  than 
for  the  averaged  data.  Figure  E-20,  for  example,  shows  differences 
between  EFNL  values  of  about  17  dB  at  10,000  feet. 

It  should  be  emphasized  that  significant  differences  in  noise 
level  projections  based  on  differences  in  selecting  0 will  not 
occur  often  for  most  current  Jet  aircraft,  and  would  rarely,  if 
ever,  occur  at  takeoff  thrust.  For  example,  examination  of  16 
seta  of  C-135A  takeoff  data  (12  dry  and  K wet  runs)  showed  that 
the  times  of  maximum  (PNLT,  FNL,  A-level  or  D-level)  coincides 
for  14  of  the  16  runs,  and  differed  by  at  most  0.5  seconds  In  only 
two  runs. 


C.  RECOMMENDATIONS 

On  the  basis  of  the  above,  it  is  recommended  that  PNLM  be 
used  as  the  basis  for  choosing  0 and  the  corresponding  spectra 
for  estimating  noise  levels  at  other  distances.  This  recommenda- 
tion is  based  on  the  fact  that  use  of  the  FNL  as  the  basis  for 
choosing  the  maxima  directivity  angle,  rather  than  r'NLT,  will 
result  in  conservative  (i.o.,  higher)  estimates  of  noise  levels 
at  large  distances,  and  will  reduce  the  ricks  of  serious  under- 
estimation of  noise  levels  for  planning  purposes. 
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It  is  further  recommended  that  the  angle  and  spectra  based 
on  PNLM  also  be  used  for  estimating  A-level  and  SEL  values. 
St-udy  of  the  figures  presented  in  this  appendix  will  show  that 
the  differences  in  noise  level  projections  between  those  based 
o'  PNL  or  A-level  criteria  are  typically  very  small,  hence  the 
computational  complexities  of  dual  criteria  for  selecting  one 
or  two  spectra  and  angles  for  noise  level  projections  docs  not 
seem  warranted  at  this  time. 
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TABLE  E-I 


THETA  VALUES  FOR  DIFFERENT  CRITERIA  ~ C-135A 
APPROACH  AND  CRUISE  DATA 


Noise 

Criteria 

Accroach 

Cruise 

e 

8 

e 

s 

PNLTM 

60.0° 

31.0° 

30.0° 

O 

o 

• 

GO 

PNLK 

96.5° 

11.5* 

5**  .Cr 

18.5° 

ALK 

98.0° 

13.^° 

69.0° 

13.5° 

DLM 

91.5° 

22.5° 

62.5° 

20.0° 
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FIGURE  |-9.  A -"LEVEL  VS  DISTANCE  CURVES  FOR  DIFFERENT  $ CRITERIA- 
C1S9A,  AFFROACH  THRUST,  U0  KNOTS 
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HOURS  1*4.  EFFECTIVE  PERCEIVED  NOISE  LEVEL  VS  DISTANCE 

CURVES  FOR  DIFFERENT  9 CRITERIA  - C133A,  APPROACH 
THRUST,  1 40  KNOTS 
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FIGURE  E-7.  SOUND  EXPOSURE  LEVEL  VS  DISTANCE  CURVES  FOR 

DIFFERENT  9 CRITERIA  - C133A,  APPROACH  THRUST, 
140  KNOTS 
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FIGURE  E-t.  DIFFERENCES  IN  NOISE  LEVELS  AT  VARIOUS 

DISTANCES  FOR  NOISE  CURVES  SELECTED  ON  IASIS 
OF  PNLTM  OR  PNLM  CRITERIA  - C13SA  AIRCRAFT, 
APPROACH  THRUST,  140  KNOTS 
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FIGURE  E-13.  EFFECTIVE  PERCEIVED  NOISE  LEVEL  VS  DISTANCE  CURVES 
FOR  DIFFERENT  9 CRITERIA  - C135A  CRUISE  THRUST, 

300  KNOTS 
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FIGURE  M5.  DIFFERENCES  IN  NOISE  LEVELS  AT  VARIOUS 

DISTANCES  FOR  NOISE  CURVES  SELECTED  ON  IASIS 
OP  PNLTM  OR  PNLM  CRITERIA  - C135A  AIRCRAFT, 
CRUISE  THRUST,  160  KNOTS 
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FIGURE  E-17. 


TONE-CORRECTED  PERCEIVED  NOISE  LEVEL  V5  DISTANCE 
CURVES  FOR  DIFFERENT  # CRITERIA  - C135A,  APPROACH 
THRUST,  160  KNOTS  (3  INGLE  RUN  72-026-004-04) 
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APPENDIX  F 


DERIVATION  OF  EQUATION  FOR  THE  DIRECTIVITY  ANGLE 
AND  SLANT  DISTANCE,  KQ,  OBTAINED  AT  THE 
TIME  OF  MAXIMUM  NOISE  LEVEL 


Referring  to  Figure  1,  the  actual  directivity  angle,  0,  at 
the  time  of  PNLM*  is  a function  of  the  speed  of  the  aircraft. 

The  airplane  has  speed  v in  ft/sec,  and  is  observed  on  the  ground 
to  have  its  PNLM  oecur  at  point  Q,  having  travelled  a distance  v 
At  from  the  overhead  position  at  K.  Actually,  PNLM  occurred 
sooner,  at  point  Q’,  since  the  sound  emitted  at  that  time  took 
a finite  time  interval  to  reach  the  ground  at  point  K.  The 
actual  0 can  be  derived  as  follows: 

At'  - At  - ~ 


x2  ■ h2  + v2(At  - J)2 


h2  + v2At2  - 2v2At-  + 

c c? 


X2<1  . i!)  t il fMi  . („?  ♦ v24t2)  . o 
c2  c 

Taking  the  positive  square  root, 

. 

jvfit  + J !IU tli  . M1 . 4)  [h2  ♦ V?(tt)j] 

x — ! — L sL . . , 

2(1  - ~) 
c 


4“  ♦ [hja  - 4>  ♦ 

c 


•Or  other  noise  measure  used  as  the  criteria  for  determining  the 
maximum  angle  of  radiation.  (Sec  Appendix  K). 
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where  x Is  the  slant  distance  KQ*. 


Since 


0 Is  given  by  sin-1  ^ , 


sin  6 


h (1  - 

c 

1 * 


h (l  — — ^ (vtt)* 


1/2 


™5 — 
v^At 


At  speeds  less  than  150  knots,  for  directivity  angles  from 
30  to  60  degrees,  the  error  introduced  by  not  including  propaga- 
tion time  Is  an  underestimate  of  the  actual  noise  level  by  less 
than  0.5  dB.  At  a speed  of  300  knots  the  underestimate  is  as 
much  1.3  dB.  If  one  assumes  the  accuracy  of  measuring  At  is 
jt  0.25  seconds  in  obtaining  the  closest  0.5  second  interval  in 
At,  not  applying  propagation  time  corrections  will  underestimate 
the  true  level  by  1.6  dB,  while  applying  them  would  leave  a pos- 
sible error  of  less  than  0.3  dB. 

In  normal  practice  the  directivity  angle  will  be  reported  aa  180 


degrees  - • , i.e.,  the  angle  made  aa  measured  from  the  nose  of  the  aircraft. 
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APPENDIX  Q 


DERIVATION  OP  SLANT  DISTANCE  TO  AIRCRAFT,  ASSUMING  THE 
DIRECTIVITY  PATTERN  IS  CYLINDRICALLY  SYMMETRICAL 


Referring  to  Figure  3 : 

(LP)'2  ■ d2  ♦ h^cos  2 y 

LP' 

IrTT 

+ h^co.  2 y]1'2 
aln*  6 1 

And,  directly  under  the  flight  path,  d ■ 0.  For  level  flight, 
y » 0.  If  eln  6 remains  constant.  It  Is  convenient  to  plot  EPNL 
as  a function  of  the  distance  of  closest  approach  to  the  flight 
path.  The  effect  of  climb  angle  may  be  Ignored,  within  C.5  dB, 
up  to  y ■ 20  degrees.  In  this  case,  EPNL  may  be  referenced  to 
the  slant  distance  to  the  aircraft  track,  at  the  distance  of 
closest  approach  determined  solely  from  LX  ■ [d  + h^  ] . 
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APPENDIX  H 


GROUND  REFLECTION  EFFECTS 


The  analysis  procedures  given  In  this  test  plan  do  not  cor- 
rect for  ground  reflection  effects  resulting  from  reflection  or 
absorption  by  the  ground.  Such  effects  can  disturb  the  spectrum 
shape  by  Introducing  spectral  Irregularities  due  to  Interference 
between  sound  directly  radiated  from  the  source  and  that  reflect- 
ed from  the  ground.  The  spectrum  Irregularities  can  Introduce 
errors  In  computed  noise  level  measures  (such  as  the  PNL,  and  In 
the  tone  corrections  applied  In  computing  PNLT).  Reflection  ef- 
fects are  particularly  evident  In  ground-to-ground  measurements 
(ground  runup  measurements  for  example)  but  are  usually  somewhat 
less  evident  In  the  air-to-ground  data  encountered  In  flyover 
noise  analysis.  Ground  reflection  effects  are  not  Included  In 
the  current  procedures  for  the  following  reasons: 

1.  Although  the  phenomenon  Is  quite  well  understood 
on  a theoretical  basis,  simple  well-developed 
and  tested  engineering  methods  for  adjusting  for 
this  effect  have  net  been  established. 

2.  The  Influence  of  such  ground  reflection  effects 
usually  Introduces  relatively  moderate  or  small 
errors  for  most  cases  of  Interest. 

3.  Ground  reflection  effects  may  Introduce  sizable 
errors  In  cases  where  one  wishes  to  predict  fly- 
over noise  levels  from  measur  d engine  ground 
runup  data.  This  estimation  procedure  Is  not 
employed  In  the  current  test  analysis,  hence  this 
problem  Is  avoided. 
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Where  it  is  felt  desirable  to  correct  ground  runup  data 
for  ground  reflection  effects,  a first-order  correction  for 
broad  band  noise  (Jet  noise,  for  example)  may  usually  be  ac- 
complished by  "hand  smoothing"  the  frequency  spectrum.  This 
procedure,  together  with  more  elaborate  test  and/or  correction 
procedures,  are  described  in  draft  SAE  AIR  1327  "Acoustic 
Effects  Produced  by  a Reflecting  Plane",  197^  or  the  latest 
revision  thereof. 

Ground  reflection  effects  csn  also  be  experimentally  "smoothed"  using 
spatial  averaging  techniques  by  energy  averaging  the  sound  pressure  levels 
over  ground  - microphone  heights  of  2 to  10  feet. 
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APPENDIX  I 


ENGINE  THRWST  ADJUSTMENT  TO  NOISE  LEVELS 

In  Sections  10  and  11,  a factor,  Ag  in  dB,  is  introduce  t 
permit  adjustment  for  differences  in  noise  levels  resulting  from 
differences  in  engine  thrust  or  engine  power  output.  This  fac- 
tor may  be  introduced  to  correct  field  flight  data  to  reference 
thrust  conditions  (Sections  10.2  and  11.1).  Later,  this  factor 
may  be  used  to  adjust  from  reference  thrust  conditions  to  other 
specified  conditions  (Sections  10.5  and  11.4).  This  appendix 
outlines  one  of  the  ws,/s  in  which  the  adjustment  may  be  deter- 
mined, with  specific  reference  to  turbojet  and  turbofan  engines. 

To  determine  the  adjustment  values  in  terms  of  practical 
aircraft  operating  parameters,  several  steps  are  generally  nec- 
essary. The  first  step  involves  the  assembly  of  sets  of  noise 
level  (SELT,  SEL,  EPNL,  etc.)  vs.  distance  curves  at  different 
thrusts  adjusted  to  standard  day  conditions  and  a reference 
airspeed,  as  shown  in  the  upper  portion  of  Figure  1-1.  The 
3econd  step  consists  of  plotting  the  nciBe  levels  at  a given 
reference  distance  versus  a basic  engine  parameter.  Probably 
the  most  useful  parameter  for  turbojet  engines  is  the  net  thrust. 
As  indicated  schematically  by  the  graph  in  the  center  part  of 
Figure  1-1,  a curve  can  be  fitted  to  data  points  to  show  the 
variation  in  noise  level  with  net  thrust.  This  curve  can  be 
used  directly  when  net  thrust  information  is  available  or  can 
easily  be  calculated.  This  would  usually  be  the  case  when  one 
wants  to  make  adjustments  for  changes  in  basic  temperature  or 
altitude  conditions. 

However,  for  adjustments  in  noise  data  to  fit  operating 
conditions  for  a specific  air  base,  the  noise  versus  thrust  case 
should  be  translated  in  terms  of  the  engine  parameter  that  would 
actually  be  used  by  pilots  and  displayed  in  the  aircraft  cockpit. 
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Thia  translation  is  indicated  in  the  lower  part  of  Figure  1-1. 
From  this  plot,  one  can  then  utilize  practical  engine  operating 
parameters  to  determine  the  Ag  value. 


© BASIC  NOSE  LEVEL  CURVES  ROM  FIELD  MEASUREMENT  AT  DIFFERING 
ENGINE  THRUST  ADJUSTED  TO  REFERENCE  ARSPEED  AND  STANDARD 
DAY  CONDITIONS 


© NOISE  POW«  PROFILE  AT  REFRENCE  DISTANCE 


EPR  or  N|  (Cockpit  Engine.  Poromotor) 


® ENGINE  POWER  PROFILE 
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FIGURE  1-1.  DATA  NEEDED  TO  DETERMINE  ENGINE  THRUST 
ADJUSTMENTS 
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APPENDIX  J 


GROUND-TO-GROUND  PROPAGATION  NOISE  LEVEL  ESTIMATES 
PROM  INFLIGHT  AIRCRAFT  NOISE  MEASUREMENTS 

Aircraft  noise  levels  measured  to  the  side  of  the  runway 
during  aircraft  takeoffs  or  measured  at  low  angles  of  Incidence 
from  aircraft  In  flight  typically  are  significantly  lower  than 
levels  estimated  from  flight  measurements  (with  aircraft  passing 
overhead)  assuming  only  atmospheric  air  attenuation.  Even  when 
the  excess  ground  attenuation  provided  In  Figure  4 Is  taken  In- 
to account,  measured  levels  are  often  significantly  lower  than 
predicted. 

The  differences  between  measurements  and  predictions  may  be 
ascribed  to  several  factors.  Among  them  are  the  following: 

(a)  Ground  reflection  and  absorption  effects  caused  by 
finite  Impedance  of  the  ground 

(b)  Engine  noise  source  shielding  produced  by  the  aircraft 
airframe 

(c)  Excess  ground  attenuation  that  is  greater  than  the  values 
given  in  Figure  4 

(d)  Attenuation  due  to  partial  (or  complete)  shielding  of 
the  aircraft  source  by  Intervening  buildings,  terrain 
Irregularities  or  trees  and  shrubs 

In  addition  to  the  above  factors,  one  also  observes  changes 
in  sideline  noi3e  levels  during  the  takeoff  run  wnich  may  be 
ascribed  to  changes  in  aircraft  noise  output  and  changes  in 
signal  duration  due  to  the  aircraft  acceleration. 
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Analytic  noise  prediction  models  are  not  yet  available  that 
consistently  agree  with  the  available  sideline  noise  data  or 
noise  data  measured  at  near-grazing  angles  from  aircraft  in 
flight.  Hence,  in  order  to  provide  realistic  estimates  of 
"sideline"  noise  levels  or  levels  at  low  angles  of  incidence, 
the  following  empirical  procedure  for  estimating  noise  levels 
for  ground-to-ground  propagation  is  recommended.  The  procedure 
involves  two  basic  steps: 

(a)  Provide  for  excess  attenuation  using  the  values  of 
Figure  4.  Typically,  these  values  result  in  excess 
attenuation  for  calculated  noise  levels  at  distances 
greater  than  1,000  ft.  but  negligible  excess  attenua- 
tion at  shorter  distances. 

(b)  Provide  an  additional  attenuation  factor  to  apply  to 
all  distances.  Based  on  analysis  of  sideline  noise 
data,  weighted  noise  levels,  such  as  the  AL,  PNL, 

EPNL,  SEL  and  SELT  show  additional  losses  of  from 

4 to  8 dB.  One-third  octave  band  spectrum  levels 
show  wide  variations,  with  quite  pronounced  frequency 
effects.  However,  rather  than  attempt  to  account  for 
these  irequency  effects  at  this  time,  it  is  recommended 
that  5 dB  be  subtracted  from  all  one-third  octave  band 
SPL  values,  anu  weighted  noise  levels  be  calculated 
from  the  resulting  spectrum  levels. 

The  above  recommendations  are  applicable  for  prediction  of 
noise  levels  for  ground-to-ground  propagation  conditions  from 
the  takeoff  position  and  beyond.  They  are  also  applicable  for 
estimating  approach  noise  down  to  the  point  of  touchdown. 
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An  additional  adjustment  Is  needed  to  account  for  the 
decrease  of  noise  during  the  takeoff  roll.  In  the  current 
NEF/DNL  programs,  this  adjustment  is  entered  as  part  of  the 
coding  for  individual  aircraft  and  does  not  form  part  of  the 
basic  noise  data  file.  For  current  military  aircraft,  this 
adjustment,  applied  as  an  offset  to  the  weighted  noise  level 
curves  (EPNL,  SEL  and  SELT)  is  4 dB  specified  as  a 4 dB 
decrease  in  levels  from  brake  release  to  liftoff. 


